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PREFACE 


This manual is one of a set of manuals for the cpc® cyBER 170 Models 845 and 855 Computer 
Systems, CYBER 180 Models 840, 845, 850, 855, 860, and 990 Computer Systems, CYBER 8405S, 
845S, 855S, 840A, 850A, 860A, 870A, 990E, and 995E Computer Systems, and the CYBERPLUS 
Parallel Processor. The System Publication Indexes on the following pages list other 
manuals that are applicable to the computer equipment. 


This manual contains two volumes. Volume 1 contains the key to level 4 (14) diagrams 
section and the Symbol Descriptions section for the 12AA through 12CV LSI arrays. Volume 2 
contains the Symbol Descriptions section for the 12DA through 12DD LST arrays, the 12SA 
through 12SX LSI arrays, the 12101 through 12474 Emitter Coupled Logic (ECL) 100,000 series 
microcircuits, and the 121HA through 121HH half-arrays. 


The key to L4 diagrams section describes the L4 diagrams and supplementary charts such as 
backup charts and connector charts. The Symbol Descriptions section provides an operational 
description, pin number and bias information for every logic circuit used in the central 
processor. 


This manual is intended primarily for customer engineers and does not contain design ground 


rules. Logic designers should refer to applicable Control Data specifications and vendor 
literature for complete electrical characteristics and application guidelines. 
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SECTION 1 


KEY TO LEVEL 4 LOGIC DIAGRAMS 


KEY TO LEVEL 4 LOGIC DIAGRAMS 1 


INTRODUCTION 


The Level 4 (L4) logic diagram shows the ECL 100K chips and LSI arrays and all data and 
control paths between them. This diagram also shows the functional relationship between the 
inputs and outputs to each array/chip with ANSI symbology. The L4 diagram is the lowest 
level diagram provided for field maintenance. The following examples show ECL 100K L4 
diagrams and LSI L4 diagrams. 
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>—— OPI 4.3-01 
READ DATA REGISTER AND PARITY CHECKER (@PI 3.5) 
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i 
} 
DTC/M 
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e155) Cl6/M 
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QPI 4.2-03 
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(0-15/64.65) Tay 
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Hetty] EO J 
BIG MD 3 etal] EO A tBITS +READ DATA BITS (Q-31/64-67) 
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| +GATED CLK ‘fg 


REGISTER FILE DATA MULTIPLEXER (2PI 3.5) 
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REGISTER FILE WRITE CONTROL (PI 3.4) Ele/PEe 
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-REGISTER FILE DATA 
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C-ORI 


THIS 1S THE TITLE AND LEVEL 3 DIAGRAM CROSS REFERENCE 
FOR THE CIRCUITRY BOUNDED BY THE DASHED LINES. 

THE LEVEL 3 DIAGRAM SHOWS THE SAME TITLE IN THE BOX WHICH 
ENCLOSES A SIMPLIFIED DRAWING OF THE SAME CIRCUITS. 
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NOTES: 


LX 
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NIN 


REFER TQ OPI 4.2-O0A FOR BACKUP CHART. 
H@LDING REGISTER. 


NOT TERMINATED AND N@T STUBBED. 
ADDRESS SELECTOR O@NTRAL (OPI 3.5) 


LEVEL 4 DIAGRAM-OPIl 3. 3,5.4.3,5 
GDarorun | ADDRESS SELECTOR CONTROL: REGISTER 
FILE WRITE CONTROL» REGISTER FILE 


DATA MULTIPLEXER. 
DIVISION ff gppH; B3A1/5T01 
AD112 ECL 100K Level 4 Diagram 
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INPUTS SHOULD BE TERMINATED 
WITH 150 @HMS. 
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[3] RDS23 CONTAINS RDSA AT 123 
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: 2 = -INSTRUCTION BUFFER STACK 
INI 4.0-02 ———EEBAIVI/O] yy CIBAIVAl (1) = 88) (86) QUTPUT A. INSTR BER ADRS 
7 RANK O BITS 61.62 
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BACKUP CHART CROSS REFERENCE: 
THE BACKUP CHART TABLES FOR THESE CIRCUITS ARE 

FOUND ON SHEETS 1 AND 2 OF THE OGBH BACKUP CHARTS 
(HE. OGBH-1 AND OGBH-2). 


ADI15 100K Level 4 Diagram 


NOTE: 
L\ SEE BACKUP CHART FOR TEST POINT ASSIGNMENTS. 


THIS IG THE TITLE AND LEVEL 3 DIAGRAM CROSS REFERENCE 
FOR THE CIRCUITRY BOUNDED BY THE DASHED LINES. 

THE LEVEL 3 DIAGRAM SHOWS THE SAME TITLE IN THE BOX WHICH 
ENCLOSES A SIMPLIFIED DRAWING OF THE SAME CIRCUIT. 

THE REFERENCES TO LEVEL 4 DIAGRAMS (4.65-01., 4.7-03) INDICATE 
OTHER LEVEL 4 DIAGRAMS WHICH SHOW MORE CIRCUITS WHICH ARE 
PART OF THIS FUNCTION. 


[2] sTuBBeD. De NOT TERMINATE. 
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THIS IS THE TITLE AND LEVEL 3 DIAGRAM CROSS REFERENCE 
FOR THE CIRCUITRY BOUNDED BY THE DASHED LINES. 

THE LEVEL 3 DIAGRAM SHOWS THE SAME TITLE IN THE BOX WHICH 
ENCLOSES A SIMPLIFIED DRAWING OF THE SAME CIRCUIT. 

THE REFERENCES TO LEVEL 4 DIAGRAMS (4.0-03. 4.3-04) INDICATE 
OTHER LEVEL 4 DIAGRAMS WHICH SHOW MORE CIRCUITS WHICH ARE 
PART OF THIS FUNCTION. 
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TITLE BLOCKS 


The title blocks for the ECL 100K and LSI L4 diagrams are shown in the following examples. 
They differ only in the addition of a board type and module occurrence number for ECL 100K 


L4 diagrams. 


LEVEL 3 CROSS 
pe SHEETS 


LEVEL 4 DIAGRAM 
DATA READY CONTROL 


PA ~ L SHEET NUMBER 

WITHIN GROUP 
FUNCTIQNAL 

Z\ ponrd LOCATION NAME ZX GR@UP NUMBER 


M2DULE @CCURRENCE LEVEL DESIGNATOR 
NUMBER MAJOR FUNCTIQNAL AREA 


00463 


ECL 100K Title Block 


ew 
DEVELOPMENT] = ie 
NS LOCATION QF LSI 


PANEL(S) 


LSI Title Block 


NOTES: 


J\ LEVEL 3 (L3) DIAGRAM CR@SS REFERENCE FOR THE ADI!2. THE ADII5 La 
DIAGRAM TITLE BLOCK D@ES NOT CR@SS REFERENCE T@ THE L3 DIAGRAMS. 
L3 CROSS REFERENCES FOR ALL SYSTEMS IS ALS@ DONE ON THE L4 DIAGRAM 
IN EACH FUNCTIQNAL AREA QUTLINED WITH A DASHED LINE. REFER T@ THE 
L4 DIAGRAM EXAMPLES. 


THE FUNCTI@NAL NAME IS A DESCRIPTI@N @F THE L@GIC CONTAINED @N THAT 
PARTICULAR L4 DIAGRAM SHEET. 


THE BOARD L@CATI@N FOR THE ADII2 CONSISTS OF THE PANEL NUMBER. ROW 
NUMBER. AND A DIGIT WHICH INDICATES THE B@ARDS P@SITIGN (TOP OR 
BQ@TT@M BOARD IN THE ROW). C2BI IS AN EXAMPLE. C2 IS THE PANEL NUMBER, 
B IS THE R@W NUMBER. AND | INDICATES THE TOP BOARD. (A 2 WOULD 
INDICATE THE BOTT@M BOARD). 


THE BOARD L@CATIQN FOR THE ADIIS IS THE SAME AS FOR THE ADI!2 EXCEPT 
A UNIT NUMBER PRECEDES THE PANEL NUMBER. 


THE M@DULE @CCURRENCE NUMBER IS USED T@ ACCESS THE WIRE LIST MANUAL. 
8-DIGIT PUBLICATI@N NUMBER. 

DIAGRAM REVISION LEVEL. 

THE PANEL NUMBER F@R THE ADII12 C@NSISTS @F THE R@W AND C@LUMN NUMBER 


@F THE PANEL L@CATI@N. THE PANEL NUMBER F@R THE ADI15 IS THE SAME 
EXCEPT THE UNIT NUMBER PRECEDES THE R@W NUMBER. 
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SYMBOLOGY 


Physical components (ECL 100K chips, LSI arrays, and half-paks) are depicted by boxes con- 


taining ANSI symbology. 


boxes. 


but uses simplifying techniques called highwaying and combining. 
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BIT NUMBERS @R 
SIGNAL NAMES 


Z/\ LOCATION ON ELEMENT 


AUXILIARY BOARD \ / NAME 


CIRCUIT -pPl2lOfAor/Hi2 BITS 0-5 /\ H2tDOJAO’/HIZ BLTS O-5— NUMBER QF 


— UNIQUE 
SIGNALS/ BITS 


[ BACKUP CHART SHOWS 

REAL PIN NUMBER 
INFORMATIQN FOR 
HIGHWAYS 


——— REAL PIN NUMBERS 


REAL PIN __ 
NUMBERS 


a A REFERENCES THE R@Ws Of THE C@LUMN. 


LEFT-T@-RIGHT EQUATES T@ T@P-T@-BOTT@M ORDER FOR EXAMPLE, 
BIT O IS ON OUTPUT PINS TI AND Fl. 


The following examples use standard ANSI symbols enclosed in 
The example on the right shows the same ECL 100K circuit as does the one on the left 
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The following example shows an LSI array. 


M@DULE @CCURRENCE 


LOCATION QN NUMBER 
THE PANEL BIT NUMBERS/ 
1 SIGNAL NAMES 


LSI Gi 


TYPE 


__ NUMBER QF UNIGUE 
SIGNALS/ BITS 


SYMB2L TYPE NUMBER 
_ (KEY T@ BIAS AND SYMBQL 
DESCRIPTION INFORMATION IN 


REAL PIN __ SECTION 2 OF THIS MANUAL) 
NUMBERS 
\__ SYMBOL 
NOTES: REVISION NUMBER 


Z\, REAL PIN NUMBERS ARE SHOWN ONLY WHEN THE LINE REPRESENTS ONE PIN. 
LSI PIN NUMBER CHART SH@WS REAL PIN NUMBERS FOR HIGHWAYED LINES. 


A MQDULE @CCURRENCE NUMBER IS USED T@ ACCESS THE WIRE LIST MANUAL. 


BIT NUMBERS/SIGNAL NAMES ARE IN THE SAME QRDER AS PIN NAMES. 
BIT 8 IS ON 210). BIT 9 IS ON 21). ETC. 


ZA, WHEN LOGIC FROM MORE THAN QNE PANEL IS DEPICTED ON A DIAGRAM, 
ALL CIRCUIT SYMB@LS @N THAT DIAGRAM CONTAIN THE PANEL AND 
ARRAY LOCATIONS ( B3CO6). 


Sometimes a chip is shown more than once in a group of diagrams. The following examples 
show two symbols for the same 12150 chip. The example on the left shows four circuits used 
for bits 0 through 3. The example on the right shows the remaining two circuits used for 
the signals Unit Go and Overflow. Note that the control signal (-CLOCK) is shown only once. 


The element name for this chip is 195 and is the same for each use. The element name is 
followed by a dash and a multiple-use identifier. The first place the element is used, the 
multiple use identifier is an A. Further uses of the same element receive mnultiple-use 
identifiers of B, C, D, etc. 
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LSI HALF=PAK ARRAY 
The following example shows an LSI half-pak array circuit. An LSI half-pak is an ECL 100K 


chip packaged in a form compatible with an LSI array connector. A half-pak occupies half of 
an LSI array location. Two half-paks can reside at the same LSI array location. 


LSI ARRAY M@DULE 
CONNECTOR OCCURRENCE 
LOCATION NUMBER 


POSITION WITHIN — 1 BTT NUMBERS/ 


LSI ARRAY ie 
CONNECTOR SIGNAL NAMES 


(A QR B) 


ECL !00K —— 
CHIP TYPE 
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STACKING 
The following example shows eight 12CB arrays performing a MUX operation to a 64-bit trunk. 
The stack is split across two panels so the panel and array locations are shown in each 


symbol. 


Identical arrays/chips performing the same function are stacked wherever possible. 


/ LECATION ON PANEL L\ 


\—-IJ— LEAST SIGNIFICANT BITS 
QN THE BOTTOM OF 
THE STACK 


S(O) O08, 

— ALL ARRAYS IN STACK ARE 
THE SAME TYPE AND HAVE 
THE SAME BIAS/FUNCTION. 


NOTE: 00470 


Z\ WHEN L@GIC FRQM M@RE THAN ONE PANEL IS DEPICTED @N A DIAGRAM. ALL CIRCUIT 
SYMB2LS @N THAT DIAGRAM CONTAIN THE PANEL AND ARRAY LOCATIONS. (B3JI5). 
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The following example shows a case where the least significant bits (bottom of the stack) 
are not the ones pictured. This occurs when one of the other arrays in the stack performs a 
unique or additional function. The least significant bits are still on the bottom but the 
atypical array is diagrammed. In this case, bits 16 through 19 are latched into another 
register and output on pins D (0 through 3) of the array at location AO5. 


-SELECT P 


+SELECT P 


-(16-19) 


FUNCTIONAL INTERCONNECTION 


Functional interconnection of the logic is accomplished by lines representing signals 
interconnecting the ANSI symbols. 


These signal lines are a functional interconnection and do not represent the physical order 
of routing, as in daisy chains, or the number of physical conductors carrying logically 
identical signals as in a fanout. The explicit physical interconnection information is 
contained in the CP/CMC Wire List Hardware Maintenance Manual listed in the preface. 


1-16 60458120 B 


INTERCONNECTION TECHNIQUES 


Interconnection techniques are the methods used to combine, expand, and depict the data/ 
control path lines between circuit symbols on the diagrams. 
HIGHWAYING 


Highwaying is a technique which combines more than one signal into a common line. The fol- 
lowing example shows how the same information can be contained in one line instead of many. 


-DATA (0) 


A a 


(6) -DATA (0-4) 
-DATA (1) 


TS 


a SATIN L UNIQUE SIGNAL DESIGNATOR - 
peer, SHOWS THE NUMBER @F UNIQUE 


SS eee SIGNALS IN THE HIGHWAY. 


-DATA (4) 


a 


Similar signal groups from various sources are combined in a highway as shown in the 
following example. The first number in the unique signal designator of the highwayed signal 
is the number of signal groups combined and the second number is the number of signals/bits 
per line. 


-PORT_O (0-2) -PORTS O-3 (0-2) 


-PORT | (0-2) q 
UNIQUE SIGNAL DESIGNATQR 


-PORT 2 (0-2) 


-PORT 3 (0-2) 
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Parity signal lines are highwayed as shown in the following example. 


-TAG (0-7) (8) (a1) -TAG (0-7,8) 
-TAG PARITY oot 


Signal path width relates to the number of unique signals represented by the path. Multiple 


copies (fanouts) of the same signal do not increase the count. 


The circled number embedded in a lead denotes the signal path width. The following example 
shows six 3-bit widths. A lead without a circled number denotes a single bit width (control 


inputs). 


\N— SIGNAL PATH WIDTH 


60458120 B 


CONNECTIONS 


Signals join (junction) or leave (disjunction) a highway as shown in the following example. 


+BANK BUSY, 
-REGISTERS FREE 


-REGISTERS FREE 


CURVING THE LINE INT@ THE HIGHWAY INDICATES THE SIGNAL(S) u@INS 
THE HIGHWAY ( JUNCTION). 


CURVING THE LINE QUT QF THE HIGHWAY INDICATES THE SIGNAL(S) LEAVES 
THE HIGHWAY (DISJUNCTION). 


ALL OTHER SIGNAL LINE CORNERS (WHERE LINES SIMPLY CHANGE 
DIRECTION) ARE SQUARE. 


Solder points on a highway indicate that signals are tapped out of the highway, and are 
fanned out to more than one location. Refer to the following examples. 


The following example shows a complex disjunction which is formed when some signals leave 
the highway and some are tapped out. Instead of showing complex disjunctions as they 
actually are, as in the following example, the diagrams use the solder point as in the 
preceding example. The complex disjunction is defined by the signal names entering and 
leaving the disjunction. 
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BIT NUMBER CHANGES 


Bit number changes along a highway occur for many reasons (for example assembling data into 
wider highways or merging two or more highways). The following examples represent the 
various techniques used for changing bit numbers for an 8~bit highway expanding to a 3l-bit 
highway, two highways merging, and an end-for-end swap, respectively. 


-TAG (0-7) -TAG (0-31) 


«— EXAMPLE: 
BIT O BECOMES BIT /6, 
BIT | BECOMES BIT I7, ETC. 


00479 


8-Bit Highway Expanding to 31-Bit Highway 


Z\, A UNIQUE SIGNAL DESIGNATOR IS USED ONLY WHEN A BIT NUMBER(S) 
IS CHANGED (E.G. BIT 8 TQ BIT 4). 


Two Highways Merging 


~TAG (0-63) -(0-63) 64) -( 63-0) ~TAG (63-0) 


End-For-End Swap 
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The following example shows a wired shift which is similar to changing bit numbers along a 


highway. This technique is only used immediately before entering a bracket. 


-DATA (0-63) 


SCc5D 
(8)-YyCeD 
-(0-63) 64) LSSEA 7 C70 


-(Q-63) 64) LS4EA 


ca 06, 
al 


SOM 
SOF 


NOTE: 


A\, DIRECTION AND AMOUNT OF WIRED SHIFT. 
THE FORMAT IS AS FOLLOWS: 
LSIEA 


DIRECTION @F SHIFT “| Nea (END ARQUND) 
LS (LEFT SHIFT) QR EQ (END OFF) 
RS (RIGHT SHIFT) oust 


QF SHIFT 
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BRACKETING 


Bracketing is the technique which shows the connection of the single and highwayed signals 
to stacks of LSI arrays or ECL 100K chips. 


Multiple brackets show more complex data and control distribution. In the following example 
the brackets distribute the bits in the input data trunks among all the arrays in the stack. 
The enable and clock signals also connect to each array in the stack and can use the same 
bracket as the input data. The select signals do not connect to the entire stack. Select 
(2) and (3) connect to a bracket adjacent to arrays at locations H12 through H15. Select 
(2) connects to pin S(0) of these arrays and Select (3) connects to pin S(1). The order 
(from top-to-bottom) that the Select (0) and (1) signals connect to the top bracket must be 
the same as the Select (2) and (3) signals connect to the bottom bracket. Therefore Select 
(0) connects to pin S(0) and Select (1) connects to pin S(1) on arrays at locations H08 
through H1l. 


SELECT (0) |_| feserern 
=SELECT_11 | | LEB 


[IX 


G2) - RESULT DATA (0-31) 


-FPA DATA (0-63) ow 
-FPN DATA (0-63) j 6) -RESULT DATA (32-63) 
-FPM DATA (0-63) @) 


-SH7_ DATA (0-63) @ 


4 


~ENABLE 

~CLOCK ICLCK O34 
SELECT (2) 
SELECT (3) 1] 


NOTES: 


Z\ INDICATES DATA IS DISTRIBUTED AS DEFINED BY THE SIGNAL 
INFORMATION INSIDE THE ARRAY/CHIP ENCL@SURE. 


LZ\ A SOLDER POINT @N A BRACKET INDICATES THAT THE SIGNAL(S) 
G2 T@ THE SAME PIN(S) @N EACH ARRAY/CHIP. 


A\ INDICATES DATA IS MERGED AS DEFINED BY THE SIGNAL INFORMATION 
INSIDE THE ARRAY/CHIP ENCLOSURE. 
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The following example shows a 16-bit counter composed of two 12CD arrays. In this example, 
the array at location AO9 has the CINA and PM4 signals biased low and PMIL biased high. 
These connections are made by passing the signals through the bracket directly to the 
array. In like manner, the array at location A08 has PM4 biased high, PMIL biased low, and 
the carry signal connects to CINA. 


QM EACH DATA TRUNK CONTAINS 
@ DATA BITS AND | PARITY 
BIT. DURING COUNT @PERA- 
TIONS THE PARITY BIT 
TOGGLES WHEN AN 20D NUM- 
BER OF DATA SITS TOGGLE. 

ZA duTPuTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERO 
IS 12. 

QA OUTPUT UNDEFINED WHEN 
BOTH COUNTS ACTIVE, 

3{0 


BIAS/CONSTANTS 


The following example depicts bias/constant signals. Bias signals are those which are 
connected to a static high or low logic level. A box around an L or H indicates a static 
low or high logic level. 


A constant signal is a value which is invariable in a given operation or calculation. In 
the following example, 8 bits are biased to the hexadecimal constant 4C(HLHHLLHH). 


When the number base does not fit evenly into the number of bits biased, the bits are 


considered right justified (for example, groups of bits marked off starting from the least 
significant end of the bit string). 
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Z\ BITS 0-55 ARE BIASED HIGH. 

ZA\ BITS 56-63 ARE BIASED TQ A CONSTANT REPRESENTED BY 
THE HEXADECIMAL CHARACTERS 4C. IN THIS CASE THERE 
ARE EIGHT BITS BIASED (HLHHLLHH). 


ZA\CLCKEN IS BIASED LOW @N EACH ARRAY IN THE STACK. 


EXTENDING/ DELAYING 


A signal may be extended (fanned out) into several bit positions as shown in the following 
example of sign extension. 


-SIGN(U IT) EXTEND} (8) -(1T-24) 
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A signal may be delayed by the number of nanoseconds specified as shown in the following 
examples. 


C@AX DELAY 


AMQUNT @F DELAY 
IN NAN@SECQNDS 


ANSI SYMBOL 
FOR DELAY 


SYMB@L @UTLINE 


FOIL DELAY 


REFERENCES 


The technique used to indicate an on-sheet reference is shown in the following example. 


On-sheet references represent a means of connecting one or more symbols on the same page 
without a physical line connection. 


60458120 B 


In the following examples, off-sheet references through a connector are separated into three 
categories: multiple-use auxiliary boards, single-use auxiliary boards, and LSI. 


ENTERING SHEET VIA A CONNECTOR 


LEVEL INDICATOR AND 
C@MPUTER AIDED DESIGN 
(CAD) NAME(S) IN BRACKETS 
MQDULE PIN NAME(S 


) 
LEVEL INDICATOR AND Y\ 
SIGNAL NAME(S) | IN BRACKETS 


~RANK 12 INP (30-47) 


INI 4.1A-00 (ebipleAt so ss S (1B12B(0-17)) (18) 


L CONNECT@R 
SYMBL 


COAX SYMB@L (IF NEEDED) 


LEAVING SHEET VIA A C@NNECTOR 
M@DULE PIN NAME(S) 


cs aes LEVEL INDICATOR 
LEVEL INDICATR AND AND CAD NAME(S) 
SIGNAL NAME(S) IN BRACKETS 


-RANK 12 INP (30-47) 
CHIP (18) {IBIL(O-!7)] Sete IN! 4.0A-01 


WHEN INPUTS @R Q@UTPUTS REPRESENT MULTIPLE BITS (HIGHWAYS). THE 
SIGNAL NAMES ARE ANN@TATED IN THE SAME @RDER AS THE M@DULE PIN 
NAMES MAKING IT P@SSIBLE T@ DETERMINE THE M@DULE PIN NAME FR 
EACH SIGNAL. C@NNECT@R CHARTS C@RRELATE M@DULE PIN NAMES T@ REAL 
CQNNECT@R PIN NUMBERS. BACKUP CHARTS ALS@ C@NTAIN C@NNECTOR PIN 
NUMBER INF@RMATION FOR AUXILIARY B@ARDS. 
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Multiple-Use Auxiliary Board 


ENTERING SHEET VIA A C@NNECTOR LEVEL INDICATOR 


AND CAD NAME(S) 
/M@DULE PIN NAME(S) 
IN BRACKETS 


“SELECT CQDE (0-2) 


BOP 4.0-00 -Q5> (-SCD(O-2)I G3) cHIP 


ig COAX SYMBOL (IF NEEDED) 


LEAVING SHEET VIA A CONNECTOR LEVEL INDICATOR 


AND CAD NAME(S) 

/M@DULE PIN NAME(S) 

IN BRACKETS 
-SELECT C@DE (0-2) 


[-SCD(0-2)] >> BoP 4. 1-00 


NOTES: 
A\ BOTH THE CAD AND M@DULE PIN NAMES ARE THE SAME. 


Z\ WHEN INPUTS @R @UTPUTS REPRESENT MULTIPLE BITS (HIGHWAYS), THE 
SIGNAL NAMES ARE ANNOTATED IN THE SAME @RDER AS THE M@DULE PIN 
NAMES MAKING IT P@SSIBLE T@ DETERMINE THE M@DULE PIN NAME FOR 
EACH SIGNAL. C@NNECT@R CHARTS C@RRELATE M@DULE PIN NAMES T@ REAL 
CONNECT@R PIN NUMBERS. BACKUP CHARTS ALS@ C@NTAIN C@NNECT@R PIN 
NUMBER INFORMATION FOR AUXILIARY B8@ARDS. 


004390 


Single-Use Auxiliary Board 
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When the signal enters or leaves a connector through coax, the coax symbol is used with the 


connector symbol. 


When an LSI circuit connects to an auxiliary board through foil, the connector symbol is 


shown on the auxiliary board L4 diagram. 


When an LSI circuit connects to an auxiliary board through coax there are two connector 
symbols; one on the LSI L4 diagram for the LSI coax connector and one on the auxiliary board 


L4 diagram for the auxiliary board connector. 
was through coax. 


Coax symbols also show that the connection 


When LSI connects to LSI through coax there are two connector symbols on the LSI L4 dia- 
gram(s) as shown in the following example; one where the signal leaves an array through an 
LSI coax connector and one where the signal enters another array through an LSI coax con- 


nector. There is one exception to this rule. 


When an LSI L4 diagram depicts more than one 


panel, the connectors between the panels depicted on the diagram are not shown. 


When LSI connects to LSI through foil, no connector symbol is necessary. 


IDU 4.3-00 -G5 


LEVEL INDICATOR 


AND CAD NAME(S) 
IN BRACKETS 
-2P CODE (0-2) 
(-@PC( 0-2} 


L ALL LSI CONNECTORS 


ARE CQAX. 


LEAVING SHEET VIA A CONNECTOR 


LEVEL INDICATOR 


AND CAD NAME(S) 
: IN BRACKETS 
-@P CQDE (0-2) 


£-2PC( 0-2) 


60458120 B 


—-E- IN2 4. 1-03 


LSI 


Off-sheet references without a connector are shown in the following example. All off-—sheet 
references have a meaningful signal name and may also have a computer aided design (CAD) 
name to describe ite The names for a signal or highway are the same at each end. 


ENTERING AND LEAVING SHEET WITHOUT A CONNECTOR 


LEVEL INDICATOR PATH WIDTH 
AND SIGNAL NAME "| [- HIGHWAYED ) 


-C1G0 @PCQDE (3-5) -C180 Q@PCQDE (3-5) 


IN| 4.0-00 C-TAPLF1( 3-5) G) (-TAPLF1( 3-5] IN! 4.0-01 


f pemsceeroata 

ARROW LEVEL INDICATOR Pee 
AND CAD NAME(S) . 
IN BRACKETS 


ORIGIN 
SHEET NO. 
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TEST POINTS 


Test points connect to unused pins and are available on auxiliary boards only. 


When the test point symbol represents a single test point, the test point number appears 
adjacent to it on the L4 diagram. When the test point symbol represents a highway (multiple 
test point), a note refers the user to the appropriate L4 backup chart (refer to the 
following example). The L4 backup charts contain the test point pin numbers as destinations 
of the appropriate unused pins. 


NOTE: 
Z\, REFER TO BACKUP CHARTS FOR TEST POINT ASSIGNMENTS. 


SIGNAL LEVELS 


All signal names are preceded by an active LO (-) or an active HI (+) level indicator as 
shown in the following example. 


60458120 B 1-29 


The following example shows that NOT bars are not used except within Boolean expressions. 


-STOP + G2 + RUN 


NOTES 


Notes are numbered statements or tables located around the periphery of the diagram, usually 
at the bottom. They explain diagram conventions that are not obvious and are unique to that 
diagram. Conventions that apply to all L4 diagrams are described in this manual. 


Notes may be general or specific. A general note refers to the entire diagram or to a 
convention used frequently on the diagram. A specific note relates to a specific circuit, 
item, or area. Specific note numbers are enclosed in triangles which relate them to 
numbered triangles near the diagram conventions they describe. 


AD112 LEVEL 4 BACKUP CHART 


The AD112 Level 4 backup chart example shows a L4 backup chart. L4 backup charts contain 
tabular information supplementary to highwayed or stacked elements on a L4 diagram. The L4 
backup charts show real and virtual pin numbers, bit numbers, and element names. 


All ECL 100K circuits which are depicted highwayed or stacked on auxiliary boards have indi- 
vidualized L4 backup charts which relate signals to pin names and real pin numbers. When 
the L4 backup charts represent all the elements in a stack, they are arranged from left to 
right or top to bottom on the sheet. The left or top element on a backup chart represents 
the top element in the stack (lowest bit number). 


Stacked LSI circuits do not use individualized backup charts. LSI pin number charts show the 


relationship between pin names and real pin numbers. The LSI pin number charts are located 
in section 2 of this manual. 
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AD112 Level 4 Backup Chart 
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The backup chart table for each ECL 100K chip is either X-section or whole-chip format. In 
whole-chip format, there is one element name given to the whole chip and each circuit has a 
uniquely named set of pins. In X~section format, each circuit on the chip receives a unique 
element name and the set of pin names is the same for each circuit. 


The AD112 whole chip and X-section backup chart tables example shows tables for a 12102 chip. 


The whole chip backup chart table shows all pins for the entire chip. The heavy horizontal 
lines divide the chip into its individual sections (i.e., circuits). In this case there are 
five circuits with the common control at the bottom (virtual pin CX, real pin 22). 


The X-section backup chart table shows the pins for any one section. 


When the circuit is depicted as an X-section element and is stacked on the L4 diagram, the 
stack represents a stack of X-sections. Therefore, X~section element backup chart table are 
used. When the circuit is depicted as a whole-chip element and is stacked, the stack 
represents a stack of whole chips. Therefore, whole-chip element backup chart tables are 
used. All circuits symbols which show highwayed circuits represent whole-chip models and 
use whole-chip element backup charts. 


When there is more than one symbol per whole chip on the L4 diagram, the element backup 
chart table for the entire chip is placed on the backup chart for the L4 diagram which shows 
the A piece. A note on that backup chart gives the L4 diagram sheet number(s) for the 
diagram(s) where the rest of the element is shown. 


LOCATION AND PIN NUMBER 
QF INPUT SQURCE 


LOCATION AND PIN NUMBER 
OF DAISY CHAIN DESTINATION 


ELEMENT NAME 


LOCATION AND 
PIN NUMBER QF 
DESTINATION 


COTCAM SM CIR CRD OSE 


sence) tats | ete wie [oe | oe | DEST! | | 


ra03-05-|———Ttlattoe] or. forte teore raft 

paor=or [ros-os{ faclostoreD (stTeTier™ | wave cure ELEMENT 

Lsos-05 TE1s-05 1 Tecloal_2e locleelpor siz] ee 
rm T] BACKUP_CHART TABLE 


rOS=1S-TFIOaT Taal BRED i3{74] TERM | | 
et a 
{TAD 23] Be OTe 
os=1s-t tase Tist aor Tate 
es 1 a os ol ocr 


; NUMBER @F L@ADS 
T IF TERMINATED THIS PIN DRIVES 


VIRTUAL VIRTUAL 
INPUT PIN QUTPUT PIN 


REAL REAL 
INPUT PIN QUTPUT PIN 


BIT NUMBER QR 
SIGNAL NAME 


= NAME__ ANI 


ace EE (STAI Tele oes To X-SECTION ELEMENT 


DTOS;TT TERM |] © BACKUP_CHART TABLE 
reese reiloel er lorler tore 2s1 2] 


AD112 Whole Chip and X Section Backup Chart Tables 
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: ‘ ; OLE IDENINDWG NO : ‘ad 
SPRER pe sso 
DEVEL@PMENT sia Pace 
SEVEN | rap pwc seo PO 


= MODULE @CCURRENCE it BACKUP SHEET/A\, 
NUMBER LETTER 


GROUP NUMBER 
BOARD LOCATION /\\ WITHIN GROUP 
BOARD TYPE 


GROUP NUMBER 
LEVEL DESIGNATOR 
MAJ@R FUNCTIQNAL AREA 


Backup Chart Title Block 


NOTES: 


L\ THE B2ARD L@CATION CONSISTS @F THE PANEL AND ROW OF THE BOARD. A2E2 IS 
USED AS AN EXAMPLE. A2 REPRESENTS THE PANEL NUMBER. E REPRESENTS THE 
ROW NUMBER THE BOARD IS IN. AND 2 REFERS T@ THE BOTTOM B@ARD. (A | WOULD 
REFER T@ THE TOP BOARD). 


THE M2DULE @CCURRENCE NUMBER IS USED T@ ACCESS THE WIRE LIST MANUAL. 
8-DIGIT PUBLICATION NUMBER. 

THIS ALPHA CHARACTER REPRESENTS THE DIAGRAM REVISION LEVEL. 

BACKUP SHEETS ARE NUMBERED BY CQPYING THE SHEET NUMBER @F THE 
C@RRESP@NDING L@GIC DIAGRAM AND ADDING THE ALPHA CHARACTER A. 

WHEN MORE THAN @NE BACKUP SHEET EXISTS FOR A SINGLE DIAGRAM, 
CONSECUTIVE ALPHA CHARACTERS ARE USED (B.C.ETC.) FOR THE REST OF 


THE SHEETS. FOR EXAMPLE. WHEN THE L4 DIAGRAM MAC 4.2-O1 HAS TWO 
BACKUP CHART SHEETS. THEY ARE NUMBERED MAC 4.2-O1A AND MAC 4.2-01B. 


AD112 Backup Chart Title Block 
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AD115 LEVEL 4 BACKUP CHARTS 


The model 990 level 4 backup chart example shows a L4 backup chart. L4 backup charts 
contain tabular information supplementary to highwayed or stacked elements on a L4 diagram. 
The L4 backup charts show real and virtual pin numbers, bit numbers, and element names. 


All ECL 100K circuits which are depicted highwayed or stacked on auxiliary boards have 
individualized L4 backup charts which relate signals to pin names and real pin numbers. 

When the L4 backup charts represent all the elements in a stack, they are arranged from left 
to right or top to bottom on the sheet. The left or top element on a backup chart 
represents the top element in the stack (lowest bit number). 


Stacked LSI circuits do not use individualized backup charts. LSI pin number charts show 
the relationship between pin names and real pin numbers. LSI pin number charts are located 
in section 2 of this manual. 


The backup chart table for each ECL 100K chip is either X-section or whole-chip format. In 

whole-chip format, there is one element name given to the whole chip and each circuit has a 

uniquely named set of pins. In X-section format, each circuit on the chip receives a unique 
element name and the set of pin names is the same for each circuit. 


The AD115 whole chip and X section backup chart tables example shows tables for a 12102 chip. 


The whole-chip backup chart table shows all pins for the entire chip. The heavy horizontal 
lines divide the chip into its individual sections (i.e., circuits). In this case there are 
five circuits with the common control at the bottom (virtual pin CX, real pin 22). 


The X-section backup chart table shows the pins for any one section. 


When the circuit is depicted as an X-section element and is stacked on the L4 diagram, the 
stack represents a stack of X-sections. Therefore, X-section element backup chart tables 

are used. When the circuit is depicted as a whole-chip element and is stacked, the stack 

represents a stack of whole chips. Therefore, whole-chip element backup chart tables are 

used. All circuits symbols which show highwayed circuits represent whole-chip models and 

use whole-chip element backup charts. 


The AD115 backup chart title block example shows the information located in the title block 
and L4 diagram cross reference information. 
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/\ THE BOARD TYPE PRECEDES EACH SHEET NUMBER. SHEET NUMBERS F@R EACH 
BOARD TYPE START WITH ZER@ AND ARE NUMBERED C2NSECUTIVELY. 


LEVEL 4 DIAGRAMS ARE ALS@ CROSS REFERENCED T@ THE BACKUP CHART SHEETS. 
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AD112 LEVEL 4 CONNECTOR CHARTS 


The following examples depict a AD112 L4 connector chart for an ECL 100K auxiliary board and 
a zero insertion force (ZIF) board, respectively. The formats used for both types are 
similar. 


Connector charts correlate real connector pin numbers with the module pin names on the L4_ 
diagrams. There is an entry on the connector chart for each signal entering or leaving an 
ECL 100K board. 


The AD112 Connector Chart Title Block example shows the information located in the title 
block. 


60458120 B 1-41/1-42 


VIRTUAL| REAL VIRTUAL} REAL VIRTUAL] REAL VIRTUAL] REAL 

st Perino TS] mre oo] [ree 
VIRTUAL, REAL i a eee Gee [VIRTUAL SSCREASC(‘(SSS:*‘“‘CS(SCstsSdY:SCUTCUT CC VIRTUAL CREALSC( $C (eSSC“‘és:SCCOCT:CCCOUT [VIRTUAL C—“‘(‘CWCOCREALSOCOCOUOUOOUUF€FUFUTLCUCUYCC“‘CCOCC 
IHIGHO CC COCNUC“‘CSNSC#N#N#C#SCN’N AESC&S- CY |.-:~“’_=sS= POO=19 jzeRo—“‘C’:COUCZEROIOUUUCC“‘(R’$#NCS&N;C SW OT CT, XO TP S-5 | DEC BIT 1S SC(éDEC BIT 45“ t;:~CdC CT OS CXS OP l2-5 | [aK 59 ~=S—SsSCAKN (289)——“‘étéSYTC«CO [| O4 [X96 [PIS-I7| 
HIGHT COCNU™™~C~C—C—CSCSCS’ «Es «2 | POR=1 [PFS| BIT O  PFSBOP BIT 5 ~—s|- £ fol | vee | Pi2-6 | [DEC BIT 14 CDEC BET 4G —“‘aYSTCST:C| SCT CXS5 [PII-19] (ciK 60 —tC<“‘C)é;COCCLKN(294)~—~—~—~OUOOCOUT tf CT xr [RP le-22 | 
PFS@ BIT O SUE Yt ft fT vos" [P13-15 (PFSI| BIT | ~—~—SPFSBDP BIT It ~Sssisd|s y fy | v6e9 [ PIO-3 | DEC BIT 15 —Ssi—“‘(W #éDEC CBT 47h] UU UC | CSG CP PIi-18] CLK 61 CLKN (295) | {| [ J xse_[Pti-2o] 
PFS@ BIT | CC SCECC—C“‘(NSNNSCON#ON”WSC“C(‘i*L#SSEA.-.:«T-s «|, vo | Po-22G PFS| Blt 2 ~PFSBDP Bit el | | | [| | vro [Pti-15| ICLKINACSCS:CTIG BET OO-—C*d:«CT’:=C@T;CO4. | WOKS P49 | CLK 62 CLKN (296) ry Ty ye xao [eri-2t | 
PFS@ BIT 2 PFSAC BIT 56 | {| { [ | vos” [Poe2-16 PFS! BIT 3 PFSBDP_BIT 22 P| ty vet Plot | ICLKINB) CUTIG BIT TC*dE:«CiNsd]s| «Tors PLI-25] cK 63s ss“ SC CAKN (e97)—“‘YST: CST ST vot [PP i2-191 
PFS@ BIT 3 PFSAC BIT 57 Yt tT tT voe TPot-26 | PFS! BIT 4 PFSBDP BIT 14 | | jf jy vre_{ Pil-r | PHEO.s—“‘C’CSC;*#*#*;*éNUNSCSC‘(‘(‘#CSNY’NYN’N’N’NNNC:U NNW WE:sSs’ sr |{|_'- [ss Wo), [P10 | [cK 64 Si “(SCN (9) ~—S——“(sté‘“té‘iYST:s ST, «TST, Yor? = PIO-6 | 
PFS@ BIT 4 PFSAC BIT 58 yt | f [vor [Po3-24 | PFSI BIT 5 PFSBDP BIT 15 Y} { | f vrs_] pPle-s | HET “(‘(‘C‘NONONUOOUUUUCOC‘(RS’NN§S&SNNCSACS.UCSG;s Fs] wo) | P-9 | cK 65s SC CCKN GC299)——“(s”s*é‘L:S‘ST:«CdT;s«séT;sT] YtS3,_s P1022 
PFS@ BIT 5 PFSAC BIT 59 r | { | | voa_ [Po3-19] PFS! BIT G6 —~——S@PFSBDP BIT l2 Ss] «sf «| «| oT) hUVr4 | Pli-9 | PHE2 ss Ct“‘CCCNUCOCOC*C*#*#‘“(#$’N’N’N’NYNSNNCWNP. YT | Ts wioo [ Por-s | UK 66 — SSC GG SOT)s— “(tes CT | CT YO4 | P10-2 | 
PFS@ BIT 6 PFSAC BIT 60 |} { { vos {[Po2-17| PFS! BIT ¢  —SsPFSBOP BIT 13 ——sd|«s|:s«SsTs Ss] S| hrs | Pte-s | PHES CC“‘CNUNSNCSC#C*C‘“(®#SNYYN’N’N’N’N’NYNN’N:NN'. ww Ss sw swt POr-4 | (cK 6f Se SCSCCKN C302) CO CT TT  YOS =[P10-24 | 
PFS@ BIT ¢ PFSAC BIT 61 yr | { [ [vio [ po3-7 | PFS! BIT @  —S—SsSPFSBDP BIT 2O.~CT | oT oT | hV6 ~[PIS-16 CLK BITO ~—S—sSCCLKN (29) — CT «OT 4 TT XS POI-4 | cLK 68 C“‘CN;CCLKN (SOS) CUT S| CT TT YOG [PO4-10) 
IPFSQ BIT 8 —ss—“‘s#S XPFSAC BIT OCTETS «S|s«T CV“ PO4-24 | PFSt BIT 9  —SsPFSBOP Bit 24 ——iCdTCST CT CT ST ver P24 | CLK BIT | CCLKN (30) Cid]: Cy) ST) ST X38 POT-10] icLK 69“ ;SCCLKN (304)——“(is‘adYT:SCSdSTSCSdTSCS]T CS) YO? PO4-7 | 
PFSQ BIT 9 —Sss=CPFSAC BIT ——SC*dS:C‘S:C‘SdL'«&T’s«s[’s «Vt «| P3155 | PFSI_BLT_10 PFSBDP BIT 19 | | { [ J vre_ [ Pis-z | (aK BIT2 ~=—S—ss—CCLKN (32)—“(:s~*C‘<dT:CiT;SCsT,sT Ts X99 «| POI-1 ciK 7O.~F—~—Cté‘“s«CLKN CHOHs—— s—“(;tsé‘dL:«SsECédT;s«sésT;s«sT;), YO) f POS-1 
PFS@ BIT lO PFSAC BIT 10 Yr | fy [ [vis [P0415 PFS! BIT I! —~—SSsPFSBDP Bir 25 —SiCisd]sSs| «| | CT CVS | PIS-6 | (cLK BIT 3. —(“‘SCW CLKN(3S)~——C~“‘CLSCST:C ST;s«sT «CT X40“ POR-10 INCLK BIT O  =NCLEN (6) ~~ =| | [ [ | yoo | Pot-3 | 
PFS@ BIT II PFSAC BIT 11 Y | { [ [ vi4_[ Po4-5 | PFS! BIT 12 —~SsPFSBDP BIT Ors ist of fh 6Ve0_ [PI3-10) (CLK BIT 4 SSCCLKN (IG) —C“(‘s*édT:Cd];:CSSdT;sdTss X44 POS-6 | INCLK BIT) ~=~=—Ss—CONCLEN (15) ~——“(<C‘z;SCdSESCdT; ST ST) V1'.«*STT POT-8 | 
PFS@ BIT le PFSAC BIT 2 rT | | | [ vi5 [Po4-19| PFS!) BIT 13 —SsPFSBDP BIT | CTs S| OT [Th Vel | PlS-2 | (ciK BIT 5 ——ss—sSCLKN (18) ~——(sts*s~—‘“C;é«srT:CS‘CzaST,sSTs 42 PO?-2 INCLK BIT 2 ~=~==NCLEN (16) ~—s—sS]sSsdTss| sf | Yi J Pol-9 | 
PFS@ BIT 13 PFSAC BIT 13 Se PFS! BIT 14 ~~—SssPFSBDP BIT 2. sisd];:sd[ «ST «| CT Vee | PIS-6 | (CLK BIT6 i ( SCCLKN (CII) CE ST EC X43 POe-3 | INCLK BIT 3 Ss NCLEN (14) (sC‘idT:CSTs ST OT TC vie [P02-16] 
PFS@ BIT 14 PFSAC BIT 14 Tl tly vr PFS! BIT 15 —SsSséPFSBOP BIT 3 CdLCY CT YY CY V63_ | OP I3-9 | (CLK BIT 7 CC“‘;*‘;CCLKN (22) Cd x44 POS-9 | INCLK BIT 4S SNCLKN (12)———“‘(‘sé‘YTSE:CdTsCTssT) VIS POS-8 | 
PFS@ BIT [5 PFSAC BIT [5 [| | | [ vie [Po5-20)| (ONES ~=“‘ONCOCO@OIASHCOOOOCOCté‘(‘’CSS#CN#SC@SC#§SE QC Ts V4 ff Ple-7 | CLK BIT 68 Si“ SCCLKN G(2)t—“(‘RST:CST, «TT X45 [POS 18] INCLK BITS —SssSNCLKN (13) ——“(séCédrT:éC‘C‘T:sCSdTss dT) dT) 4 P24 
PFS@ BLT 16 PFSAC BIT 16 Y {| [| [vis | Po6-19] REGSEL _O REGSEL BIT O ve5_| POI-20 | [CLK BIT 9 ~CKN(3) | { ‘| { {[ x46 [P04-01 NCLK BIT 6 NCLKN (0) fff re Feo 
PFS@ BIT If PFSAC BIT If Y | {| | veo | P06-6 POl-22 CLK BIT 10 CLAN (4) —“‘L:CST;CSTCsdT Ts 14 P43 | NCLK BIT 7 NCLKN (1) YT | yf fy vie 7 P03-16 
PFS@ BIT 18 PFSAC BIT 16 {| {| 7 vet [Po6-26 POI-24 (CLK BIT ti = tC*CCLKN (5) CSCS, ST TT X48 PO5-7 | INCLK BIT 8 Ss SW NCLKN(2))——“(i«‘“‘é‘i:SCSTS:CST,;s«sT; svt [ PO5-26 | 
PFS@ BIT 19 PFSAC BLT 19 || { [| [ vee | po6-s | ICLRERR——“‘sSSSCSCCLRERR:—“‘t;ws:*‘CONCSC#&SL;«CSC&SN CO}? | VSO POI-16 | icLK BIT 12 —“(;w‘*CLKN (257) —C“‘LST «ST;sCSLsCSY;sCX4) | POG-1B] INCLK BIT 9 Ss (WNCLKN(S)——ti“‘iECSSC*STsC OT TOV TT PO4-2 | 
Eee bre ope es foe | ‘CLK BIT 13S“ ;:~CCLKN C258) ~——(sé‘YSC‘aST;sésT;s«sT;sT) X50 PCO (CLKINC. Ss SCT «1G BIT IO™F™FOUdT cr | dT CT UI | PO4-8 | 
PFS@ BIT zl PFSAC BIT cl | [ [ [ ve4 | Po6-7 | (CLK BIT 14  CCLKN (259) CECT TT CT Si POG-25) INCLK I] SCNCLKN (5) s—“i‘iYC HW OT CTT ¥20 | POS-9 | 
PFS@ BIT 22 ——CéPFSAC BIT ee SCdTCdEsC«CT Ts Ses ‘[ Por-2e | CLK BIT 15 i ( CLKN (260) — sCdTsCST «ST ST OT x52 POG-10] INCLK 12S SCNCLKN (256) ~——(sC*drTsCi?); ST OT Vet [POG-22 | 
PFS@ BIT 23 PFSAC BIT 23 {ty Ty vee J Por-et | RGSEL@ BIT O RGSEL@ BIT O | @ | 02 [ x04 | PO2-24| (CLK BIT 16 ~—ss— CCLKN (265) sCidTsST ST oT OT X53 | POT-2 | NCLK 13 NCLKN (257) r {| | f [yee [Pos-15} 
PFS@ BIT 24 PFSAC_BIT 24 | ft | ver | por-24 | IRGSEL@ BIT | ~—Sss—(sCSRGSEL@ BIT I CT: CT O2 | X05 [| POI-18] CLK BIT If (CM CLKN (266) i (tC ST TT x54 Por-s | INCLK 14 SSCNCLKN (258) Ss (sCidTsCS] ST CTT ¥23__ POG-I17 | 
PFS@ BIT 25 PFSAC BIT 25 | f | fT vee | Ppor-is| wo trsti‘é‘iéya’R’YH WT—C“‘#SN’N’NS.C(#$§’$' | @ | G2 | XO6G__ | PO2-20 | CLK BIT 18 CLKN (267) | fT x55 7 Pos-10 | INCLK 15S s=Ct*‘“‘NCLKN (@25Q)——“(®s=C«sdESC‘idT;CsdT;s«CsT;sédT;)s 24 POG - 11; | 
proc bey so ———freac otf get ft tt ves {roe 20 [CLRERO—“‘(‘C.W))™©€UCLUREROUU™™©™=CU] © 6 2 | XOT Cf POe-T | (ciK BIT 19 —si“‘;s;~=CCLKN (268) ~——‘(‘é‘irT:SdT:s«STs«sT; «dT X56 =| POG -6 | INCLK 16 ~~ tSCNCLKN (386) ——(sC*idTsC ST TT Y25 =| PO?-t | 
PFS@ BIT ef PFSAC BIT ef {| f yf v30 iMBcg BIT O  |~—rsd MBC BIT O..-C~—C—CE CST ON? | XO [| POS-8 (CLK BIT 2OC—C“‘é‘CKNN C2?) CCT ST TY x5 PoB-4 | [CLKIND CUT IG BIT TiC Ct CE CT C26 POr-e | 
PFS@ BIT 26 PFSAC BIT 28 Pt tty vst Poe-2e | iMeCe BIT | ~=—s—(“s=C BCS BIT |CCCdT:« CF 2 | XOT | PO4-18 | (CLK BIT 2! tS CCLKN (274) CTT TT x58 | POS-i0] INCLK 18 SCNCLKN (392) — (sCd|s OT CT CT Yer J POs-8 | 
PFS@ BIT 29 PFSAC BIT 29 | | ty vs2_ | Poe-21 | [Mace BIT 2  MBCeBIT2 | @ [| o2 | xiO [PO4-22| CLK BIT 22. CCCLKN (275) sC*dE:CT;s«sT;s «ST; sT) X59 [POS-16] INCLK 19 CNCLKN (393) —— sCdT tT CT CT Yee | Poe-7 | 
PFS@ BIT 30 PFSAC BLT 30 ; { | { [ v33_ | P0e-26 | CLK BIT 25. ——“(‘“‘CCLKN (2G) ~CCU| CT «OT CT CT X60 = POS-4 NCLK 20 NCLKN (395) rT { { | [ yea [ Poss | 
/PFS@ BIT 31 —sss“CPFSAC BIT SIC «S| «CT «CT CT C34 ‘| Pol-2 | (CLK BIT 24 SC CLKN (281) CT CT OT TCT X61 OP PI3-20) INCLK 21 C~:*~“‘é;CNRKN (3G) =O ST CT TT CYS0_ J POS-I | 
PFS@ BIT 32 PFSAC BIT 32 | {| | | fT v35_ | Poe-24 | ‘CLK BIT 25 ——“‘(s;‘(WS CLKN (282) ~~~~™CUT CT Cd CT CT X62 = Pl2-10] INCLK 22. ti“‘C;OWNLKNN CGT) CU | CT UT YT Ci [Pose | 
(PFS@ BIT 35S PFSAC BIT 33.CSY:C CST CT TT 36 =| PO2-22 | CLK BIT 26S. ~S SSO CLKN (263) ——(sts—‘<iT:C‘CrTCT SE ST X63) [TP 13-22 | INCLK 23 SCNCLKN C39) —CSCT:CST:sSsdE, ST [ ¥32_ ‘J POS-2 | 
IPFS@ BIT 34. —ss—s“s#s &PFSAC BIT 34 CT CT TCT CT var Pol-2i | (CLK BIT 27. ~“‘CALYKNN CD) CCT ST SOT CT OT X64 = PI S-18] INCLK 24. SSSCNCLKN (400) ~— sCsdT ST CT | OT VSS PtS-24 | 
PFS@ BIT 35 PFSAC BLT 35 | {| J vse [Po2-25 | M09 BIT 5 NMACD6 BIT 5 (CLK BIT 26 —C“‘é‘LKN C20) :“‘*T:CST;C*dT;CST sd X65 PI2-20) INCLK 25 SCNCLKN (401) | S| CTC] CT CYS4 [PP le-18 | 
PFS@ BIT 36 PFSAC BIT 2 y | fy yy vss_ | Pot-25) MD@ BIT 6 NMACD6 BIT 6 CLK BIT 29. ——“‘w:*SCLKN (291) —S—(ssC*dTSsC‘dTsédT;ss]s oT) X66 PI -16] NCLK 26 NCLKN (403) r | | [ [ys [Pi3-2 | 
PFS@ BIT 3¢ PFSAC BIT 3 | fT TC v40 | P03-22 | MOS BIT ¢  ~=—S—CNMAACDNGV BIT TCE «CE CT OS | V99 | PIO-25) (CLK BIT 3O.CC:*C*~“‘té‘LKN C2SZ@YD—C“(‘i;SCS;CdT; «dT Gs PI -24] NCLK 27 NCLKN (405) rt [ tt vse [Pi3-t9| 
PFS@ BIT 39 PFSAC BIT O Tt | | [ v4i_[Po3-25| ‘Mog BIT 8 ~=NMACDG BITS ~—s— [| © Tos] wool [PI0-19| CLK BIT S| CCCCLKN (293) Cd CS] S| SC] CY X68 | PI2-25 INCLK 268i SSSCNCLKN (406) ~——(sCST ST CT Tvs [Ple-24 
PFS@ BIT 39 PFSAC BIT | | { [ T v4e_ | P03-26 | [MOI BITO MOL BITO | @ fos|{ xi [Pl2-17] CLK BIT 3c CLKN (34) || { [ | x69" J] Pol-6 | NCLK 29 NCLKN (407) pv | ft | y3e_[Ptt-to| 
PFS@ BIT 40 PFSAC BIT 40 || {| | 7 v43s_ [Po3-18] [MOl BIT! ~=MDOI BlTt | @ | OS] xl2 [Pl2-15| (CLK BIT 33.“ SCCLKN (S35) tC—“‘CSL:STSCOSYS OT «ST; SX? = POI-15] (CLKINE Si“ (sC:*“‘iT «SIG BIT 1e])CdE CT CT CT CT 39 = Ptl-26! 
iPFS@ BIT 41 ——SséPFSAC BIT 41 (dT CT TT  V44 [04-26] iMOl BIT2 MOI BIT2 | @ {OS} xis JT PIi-4 | CLK BIT 34. SC CLKN (2T)—“‘i;STS STC ST FV) xr [ POI-5 | INCLK 31 SCN (409) ~——(s—C‘iL«C ST OT CT 40 = P12-26 | 
IPFSQ@ BIT 42 ~—SssséPFSAC BIT 42 Cid] | OT TT 645 [Pos 5 | (MDI BITS =~=MOL BITS  —S——s| @ | OST xI4 [ PII-6 | CLK BLT 35 CLKN (28) | | [ [ xt2_ J Poe-s | NCLK 32 NCLKN (412) r | | [| | y4t 7 Pio-s | 
[PFS@ BIT 43. ~~“ XPS BIT 43———COdT: dT ST OT 46 TT Poe-s | [MOl BIT4  —~=~=SMDI BIT4 ~=——r—“C(‘iLS HT OS | XI [ PHI-8 | CLK BIT 36 CLKN (23) rt | Ty xs T Po3-4 | NCLK 33 NCLKN (413) {| | | | y42 [Pio-19| 
PFS@ BIT 44 PFSALN BIT 40 Yr | fy | fy var | P04-20] [MDI BITS MOI BITS | @ fos{ xié [Pli-I7| CLK BIT af CLKN (24) Ti] [tf xr J Poe-6 | INCLK 34. CSCC (440) — CT TE TT 43 [04-16 | 
PFS@ BIT 45 PFSAC BIT 45 rt | | [ v4e | Po4-17 | [MOr BITG  —=s—ssSWMDE BITG Ei (‘$$’#$NS<C“L;:« PB ST OSB | XI Pl2-i6 | (CLK BIT 3B tC“‘CCLKNN (C2) ~—CCC~C“‘L#S*STSCSE;SCS&sT;C«S&T;sX7'5C[' POO?-8 NCLK 35 NCLKN (441) rt [yy ¥44 7 P03-3 

PFS@ BIT 46 PFSAC BIT 46 | | { | J v49[ P05-25 | [MOI BIT?  =—Sss§$Ss<sCs MOC; | tC“‘iLS BT OB | XING T Ple-3 | (CLK BIT 39 CCLKN (SI) CT TY TC XE TT POS-10| iPM BITO = CLKPMO———s—COCT CT CT [| CT O45) = [ POC-19] 
PFS@ BIT 47 PFSAC BIT 36 yt yyy v50__[Po5-21 | [MOT BIT@  _—=s ~SMDI BITS ~=—— | BT cOS JT XID YT Pll-2 | CLK BIT 40 CLKN (10) Y | t Tt xref P05-24 | PM BIT | ——tC<“‘CéCCALKPMICCCCCCCUT ST ST CT CT 46 POS-16 | 
IPFS@ BIT 49 ~=——SPFSAC BIT 6 ~——( sis S| CT CT CSI POS-19] CLK BIT 41 CC CUKN CHT) CC xe P0444 | PM BIT 2 Ci “(KPO te V4 PO3-21 | 
PFS@ BIT 49 si‘ PFSAC BIT FCT CT CT TCT 52 Po6-24 | IBDSEL sc :*~“‘C@BOSSEL:*&WBIT-OC‘*dL:C‘CT:«C‘dT:C OS | WO P1200 | CLK BIT 42, CC CLKN CO) C(O CECT CTC TST PO4-6 | PM BITS =“ CCLKPMSt—“‘CSNCC#S*NCOCT OT OCT CT Y480 [04-25] 
PFS@ BIT 50 PFSAC BLT 3¢ r | [| [vss] Po6-8 (OR ti“‘C‘C;;!. OPFSOR BITOUUUU™hUT Bh OS | X20 | POs9 | (CLK BIT 45_—— s~SCCLKN (284) CT ST OT TT x60 PO5-10] PM BIT 4 CLKPM4 rt {| | if ¥49 [ PI3-3 | 
PFS@ BIT 51 PFSAC_ BIT 38 Y | [| YT v54— [ PO6-15 | (CLECKB.C:C“‘CS<CLLOCKB (450) ~— sd «ST CT OS | WO4 | PIO-4 | CLK BIT 44 (ss CAKN (261) —— CCE OT TCT xe ~[P06-20| iPM BITS ~=CiKPMDi“(estCéidLCdT;:CidT;sC‘CsNsC Ts W's Pte 
PFS@ BIT 5e PFSAC BIT 39 | { | | 7 v55_ {| Po6-3 | (CLK BIT 45 i (SCCLKN (262) i“ sC‘E:C‘CdCT,;SCid];S s,s) X2@ Sf POI PM BIT 6 ~=—S——CACKPMGt—“‘“C(;#;C“C;CST] COT CO] CT, YS OT PIII 
PFS@ BIT 53 PFSALN BIT 41 rT { | | 7 vse] Po6-1 | DEC BIT O DEC BIT 32 (CLK BIT 46 ~—Si“(s:*~CCLKN (263) ~——“(sC‘idTs«ST]s«SdT:ssdTsT X83 POG-21 PM BIT ¢ CLKPMT Tt ft Tf vse [P10-17 | 
PFS@ BIT 54 sss éPFSBOP BIT 26 CT «ST «ST | CT C5 | POG | DEC BLT | DEC BIT 33 rs | 1 | Xee [ Poe-l | CLK BIT 47 CCLKN (264) TT YT OT X64 POG-9 | PM BIT 8 CLKPMA Ht} ++ 3 ee 
iPFS@ BIT 55 ss“ éPFSSBOP BIT 23 |_| CT CT CT C58 | PO?-25) DEC BIT 2. “‘(sstSC(DEC BIT 54 CCC“‘«‘*E:C‘LC‘CT;CdT;SCSTss X@23_—s | POG“ CLK BIT 48 CCLKN (269) CT TC X85 | POT-3 | PM BIT 9 CLKPMS yt Ty 54 | P05-17 
PFS@ BIT 56 ~~“ éPFSBOP BIT GOT CT CT | oT hV59_ ~[ Por-20]| (DOEC BIT 3S tC“(‘(‘COOEC BIT SHC eCidECTCdTs s,s X24 POB-19 | CLK BIT 49 CCLKN (C270) CC X66 POr-T | PM BIT 1O)~™~FCC™C~“‘CKKPWTDCC™C*C*C“‘LSCSTCST; ST; ST, 55 POS-17 | 
PFS@ BIT Sf PFSBDP_BIT 7 | tT [ [ veo | Por-ze DEC BIT 4 DEC BIT 36 yt fy {Ty x25 [Poe-15 CLK BIT 50.  CLKN C2t) CTC TT X67 P0616 | PM _BIT II CLKPMI | YT | | [fT Y56 | po4-21 

iPFSO BIT 568i‘ PFSSBOP BIT BCT CT ST CT Vet [ Por-i7| (DEC BIT. 5 —i“‘(‘;S ;éOEC OBIT ST ULCCCUWE CST CST ST =O X26 POS-9 | ‘CLK BIT 51 CCCUKN (273) ——C“‘WYSSWTs ST; ST) X69 PCOB-5 | PM BIT i2@ =i‘ CUKPMI@ (CT TCT 57 PIS-t 
[PFS@ BIT 59 s“sSCPSBOP BIT IBC] SCT CT Eh T Vee | Por-16 | [DEC BIT G6 “(SCE CBT SHtC“(‘(sC*i;CST:CST;s*dT;s«sdT,ss Xe POST CLK BIT 52 CLKN (2171) | {| { [ { xes_ { pose | PM BIT IS —C“‘CAKPWTSCCUT CT CT V5 Ple-2 | 
IPFS@ BIT 60 ~—s—séPFSBDP BIT 10 ~—sd| «st oT [ hT V63 [ Por-15 | iOEC BIT ¢ = SC DEC BITSIC(iT S| CT | CY Xe8 | POSS | CLK BIT 53 CLKN (278) YT | | [ | xs0_[Poo-16] PM BIT 14 SC  CKPMI4 Ts CE TT 5S Plies | 
PFSO BIT GI sCSPFSBOP BIT If CT S| OT OT CT VG4 ~[ Po8-25 | [OEC BIT 8B Ci CBT 4OCC“‘*CLSC#&ST;S*ST;CST)sdT) X90 [ P1O-7 | CLK BIT 54 CLKN (279) || { JT xsi] Pos-20| (PM BIT 15 SC  CUKPMIG “(eS WH UT tT UYGO CT PIO-9 | 
[PFS@ BIT 62. si‘ @PFSBOP BIT 16 ~—h]| Yh * [ves =| Po8-18| (DEC BIT. 9_—— SCC IT HNC “(te CT XO TP IO-10| CLK BIT 55 CLKN (280) Tr | y { y xse_] Pos-6 | (CLK BIT fi CCMCAKN (306) CT 4] YG! | PO3-2 | 
IPFSO@ BIT Os SUET—“ ;CCC‘iEC CSE CO |, XC POI-I7| [DEC BIT 10 ——“(sCiEC BT 4e@tC—“<«é‘TSdE:CdT;«&ST,)s ss XS. P10-15 | (LK BIT 56 ~—Ss—“(ws«SCLKN (266) ~—S—(si‘id|s«édT;sCdT;s«sT)ssT) x9 P13-26] Po GND P0905 | 
PFSO@ BIT | SCEI | @ | COT x02 | Poi-7 | DEC BIT II DEC BIT 43 | { {| [ TT xs2_[Pto-i6| (CLK BIT 57) CCN (27) CO CT X94 Ple-2 | fF t—“‘(‘C;CCCOOOOCOGNQDDCC‘(‘CNCNSCWS#SCrRCNN ST TT P10-05 | 
iPMA(X) ec CPM BIT OOC‘d;«~aE:CT];s« OL Tees Pi3-4 | DEC BIT 12 CEC BIT 44 UY XS P22 | (aK BIT 58. —C“‘é‘éCLKN (288) ——“‘L;C(Y OST; SY OT XQ PIS-25) TT t—“SSC™CCCCCCGND s—“(ti‘“CCS*dSC TP -05 | 
i ee ee ee SE [a es ee ee ee Pe ee Oe Pe a A ah ee a ec Se ee ll 


00498 


cE a Pr 
SUPPLEMENTAL WIRING INFORMATIQN 7 60458190 
AD112 Level 4 Auxiliary Board Connector Chart 


60458120 B 1-43/1-44 


1t-14 


N 
———_——"—— 

PEEP EPREP EEE er or Nala cca PCa scar PPP Ba 
o DQca} Da) |) aajco DOQQ aa oi gia ad Fe a a 
aT TT PTT Eri iy ty ele ttt leieteleiay fayaiay 7p jalelefajefaieia) (| [fT [fy | jetel | a] | jo 
lela lta alee ahead 

rma 
LETTE TEE EE 
<q] BE EEEeEECEPEEEEEee eee petee Seet| |TL | 
' LO 


PS REE ee HH is lls} foltlsy [|] | 
ot BEERS RRA ERR ARERR eee ERR RES ae 


a | 
: alsi\alel 


zt — {LONI |h-/0 oyst]— MJOOJLO QU) 07 SINi— wW Verio] Qt |- elles] (Ni fe) OS |/GisS-|N9/07 eed 2) 


Sl=| | Sls 
[S) O 
PE ee ale Da CES Pa eS eon ete atalcla ele i delor alee ta hil ele krs 


a 
a 
ii Sibel paraded bes QI IyiB|O|—|ujra| sino SISA SIS ZIZISI2IB/S ISi5 a 8 y SIBIS 
oo B40 4 
EB | | 
Oo 


02 
1B-39 


a = 
g 
B 
8 


REAL 
PIN 
2B-39 


00499 


P2B 


Pes 
PLS aka! 
| PCD 
PCE 
a Xe 
|___PDO__| 
a eel 
aaa 
aes) 
Eee) 
ke 


§ 
: 
A 
q 
= 
d 
E 
g 
z 
z 


: 
g 
d 
G 


(2) 
IBWA(3) 
IBRA(O 

(2) 
(3) 
(4) 
(5) 
(6) 
EC2OF M7) 


ia) 

(2) 
IBRA( 3) 
IREQI 


LBAWDP(O) 
BRE| 


LBAWD( 1) 
LBAWOP( 3) 
LBWD( 4) 


REFADR(O) 
REFADR( 2) 


TAG 


BFADRP( 1) 
EC2OFQ( 4) 


LBTAG 
LBTAGP 
LBFUN 
LBFUNP. 
LBAWD(O) 
LBAWDP( I) 
LBAWD( 2) 
LBAWDP( 2) 
LBAWD( 3) 
LBWDP( 4) 
LBWD( 5) 
LBWDP( 5) 
LBWD( 6) 
LBWDP(6) 
LBWD( 7) 
LBWDP( 7) 
LBMRK 
LBMRKP 
IBWA(Q) 
BRE2 
RFRQE2 
CNFLCS 
C@MRQE 
CLRMB 
PCBIAS 
ADRSM(O ) 
ADRSM( 3) 
MRK 
WDATA(Q) 
WDATA( 1) 
BFADR( 5} 
BFADR( 3) 
BFADRP( 4) 
DBYTET 


C-102 


eh All 
+ ND] a |NO Mw iss] 2] ye] be] 


PS REE EEE EEE Heels} dey | ffs) TTT TTT 
BRSR Re ERERRERER ARERR EES EESRREERS EAR RERERERRRS RRR 


TT Habe 
<q 


—_—_ 


lal talns|—|eu]m]o]s|aolwl+|—leulio}s|aalin|s}ag In ]—lofou]+]—|tulwo]lo}—lou Slain —lain ! ons X 

RoR IRIS sR] 3 lea] caleeouteuteal 1S — SPR IMI NIRISIS|=|AISIS)FI5/8 S|S|S|S NM CulPalRS|auleal cal sulkoles 8 pe =| 
ale <tletjeqj<r]_ fetier < ale 
= —[ralou]—]>|—lou ou ps 
ajo afaiaja| fafa a ola 


e | eae ASE bab aLs np eecae | SRE SEER REERRRRRARE BER 
SE SS eck OCP E Mest sheh Cl ibaa: Mee rrr hod tase isa tale | 
oO 
Wwe haat 
8 SE iss TTT 
~ H H HIHI 
PS EE ee EH PLT eee we 


A 


(2) 
(3) 
(4) 
(2) 
(3) 
(4) 


(1) 
(2) 


IADRS( 3) 


(1) 

(2) 
CADRS( 3) 
CMRK 


EDATA(O) 
EDATA( 1) 
IMRK 
ITAG 
IFUN 
IADRS(O) 
IDATA(Q) 
IDATA(T) 
EXADDR( QO) 
EXADDR( 2) 
BFADRS(O) 
BFADRS( 1) 
EBCADR(Q) 
EBCADR( 1) 
IBCADR(O) 
IBCADR(1) 
BAO! 
BAOIP 
BBCADR(O) 
BBCADR( | } 
BREQ 
BREQP 
N@T_USED 
NOT _USED 
CDATA(O) 
CDATA(T) 
CADRS(O) 
CTAG 
CFUN 
EC2OF (2) 
EC2OF@( 3) 
ADRS! 8(0) 
ADRS18(2) 
CMI VAD(O) 
CMIVAD( 2} 


BAX 
BIT NAME 

MCK 

PHM 

EMRK 

ETAG 

EFUN 

EADRS(O) 

Se are eee ree, 
at ao 


REAL 
PIN 
P2A-39 


VIRTUAL 
PIN 


AIL-AIR 


PAKS N@. 5-9 (-) 


BIT NAME 


F 1 FMIL ON INTERQZNNECT BARD 


IFFERENTIAL 


8a 


(I) 
(2) 
(1) 


v 


LMWDP(6) 
LMWD{ TT) 


ADRS( 3) 


ADRSP( 3) 
FUN 


BFADR( 4} 
BFADRP(O) 
(1) 
(2) 
MCLRPS 
CON a ata ee ee ee 


EC2OF@(0) 
EC2OF A |) 


LA CQNNECT@R TYPES: 
D= 
Z= 


LMAWDP( 3) 
aN PAKS NO. 1-4 (+), 
AIE-AIH 


LMWD< 4) 
ADRSMP( QO) 
ADRSMP( 3) 


N 
o 
n 
c& 
ras 
< 


ADRSI6(0) 


So 
a 
a 
<< 
he 
fon) 


ADRSP( 1) 
ADRSP( 2) 


~ 
c 
a. 

oD 
fog 
a 
< 


LMAWD‘O) 
LMAWDP(O) 
LMAWD(1) 
LMAWDP( 1) 
LMAWD(2) 
LMAWDP(2) 
LMAWD(3) 
LMWDP( 4) 
LMWD( 5) 
LMWDP(5) 
LMWO(6) 
LMWOP( 1) 
LMMRK 
LMMRKP 
EBWA(O) 


EBRA( 3) 
EREQI 
ARE| 
AREIP. 
RFRQE | 
ADRS(O) 
NOTES: 


AD112 Level 4 ZIFC tor Chart 
e onnector Char 1-45/1-46 


60458120 B 


HAR 
ING INFORMATION 


DEVELOPMENT 
DIVISION 


Me. M2DULE @CCURRENCE | connector 
NUMBER Za\ cHartT 25M 
BOARD LacaTIoN /\ GRUP NUMBER 
BOARD TYPE LEVEL DESIGNATOR 
MAUQR FUNCTIONAL AREA 00500 


Connector Chart Title Block 


NOTES: 


Z\ THE BOARD LOCATION CONSISTS OF THE PANEL AND RQW OF THE BOARD. A2E2 IS 
USED AS AN EXAMPLE. A2 REPRESENTS THE PANEL NUMBER. E REPRESENTS THE 
R@W NUMBER THE BOARD IS IN. AND 2 REFERS. T@ THE BOTT@M BOARD. (A ! WOULD 
REFER T@ THE T@P BOARD). 


THE M@DULE @CCURRENCE NUMBER IS USED T@ ACCESS THE WIRE LIST MANUAL. 
8-DIGIT PUBLICATI@N NUMBER. 
THIS ALPHA CHARACTER REPRESENTS THE DIAGRAM REVISIQN LEVEL. 


THERE IS A CONNECTOR CHART FOR EACH GROUP @F L4 DIAGRAMS WHICH 
REPRESENT AN AUXILIARY BQARD @R ZIF BOARD. THEREFORE THE SHEET 
NUMBER C@NTAINS THE SAME BLOCK PREFIX, LEVEL DESIGNATOR. AND 

GROUP NUMBER AS THE SET @F DIAGRAMS IT ACC@MPANIES. FOR EXAMPLE, 

A CONNECTOR CHART WITH A SHEET NUMBER @F MAC 4.2-CC WOULD ACCOMPANY 


THE MAC 4.2-XX SET OF L4 DIAGRAMS. 
00501 


AD112 Connector Chart Title Block 
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AD115 LEVEL 4 CONNECTOR CHART 

The following example shows an AD115 connector chart for an ECL 100K auxiliary board. 
Connector charts correlate real pin numbers with the module pin names on the L4 diagrams. 
There is an entry on the connector chart for each signal entering or leaving an auxiliary 
board. Each entry on the connector chart contains the module pin name, input or output L4 


diagram sheet number, virtual pin number, and real pin number. 


Entries are separated into two groups: inputs and outputs. Each group is arranged by 
module pin names in alphanumeric order. 
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SECTION 2 


SYMBOL DESCRIPTION SHEETS 


SYMBOL DESCRIPTION SHEETS 2 


INTRODUCTION 
This section contains the descriptive sheets for LSI arrays and ECL 100K microcircuits. The 
sheets are arranged in ascending order of LSI array/ECL 100K circuit type which is located 
in the upper-left corner. These circuit types correspond to 12XX for the LSI arrays, 12HX 
for the LSI half-pak arrays, and 12XXX for the ECL 100K series circuits. 
INFORMATION CATEGORIES 
Each sheet(s) contains the following information. 
e Logic symbol 
e Bias information 
e Operational description 
Depending upon the circuit type, the following information categories may also be included. 
e Boolean algebra equation(s) 


e Timing diagram 
NOTE 


In the REAL-to-VIRT pin tables, the horizontal line separates inputs (above line) 
and outputs (below line). 
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REAL | VIRT 
PIN PIN 
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PTM 

SELCT(0) 
SELCT(1) 


SELCT(2) 
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BC(2) 
BC(3) 
BE(0) 


BE(1) 
BE(2) 
BE(3) 
BE2X 


NEO(1) 
NEO(2) 
NGO(1) 
NGO(2) 
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12AA-O First-Half Adder (Block Diagram). 


LOGIC SYMBOL 


|CAA 


26 OVFL 
BE(O-3) 
}t (OS: BECK 


+ENABLE 
NE@(| -2) 


NGATEB 44 
NGATEC 52 


PREDICTED 
PARITY 


SELCT(2) 35 


BIAS L@ = NF@RCE 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagram. Refer to the ANSI symbol. 
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12AA-0 (Contd) 


The following are notes for the ANSI symbol. 
N@TES FOR |2AA TYPE O: 

JN FORCE PINS NG@(1-2) HIGH 

/\ FORCE PINS NG@(I-2) LOW 

/\ FORCE PINS NE@(I-2) HIGH 

/\ FORCE PINS NE@(I-2) LOW 


/\ PINS NG@(1-2) = PSO 


PINS NE@(I-2) = PSO 
JX PINS NEOUI-2) = 5 AS BF = 3 
PINS NG@(I-2) = E AS, BE > 3 


FORCE PINS BC(|-3) HIGH 
FORCE PINS BE(i-3) AND BE2X L@W 


FORCE PINS BC(O-1) HIGH 


F@RCE PINS BE(O-1) LOW 


/\ FORCE PC3 LOW 


Ao PIN BC(Q) = PSO 


PIN BE() = PSO 
A\ FORCE AO-2 AND BO-2 L@W AT INPUT TO 3 TO 2 ADD 
Ad PPPAY = BC2 BE2 BE3 + BC2 BC3 + BE2 BES + BC2 BC3 BES 


AX PPPAZ = BC! + BC2 BE! (C3 BE2) 


FORCE PIN S| LOW 


OPERATIONAL DESCRIPTION 


To be supplied later. 
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12AA-1 First-Half Adder (Block Diagram). 


LOGIC SYMBOL 


BE(O-3 
&) (0-3) 
0 


BE(2) O5 BE2X 


+ENABLE 
NE @(| -2) 


(S) 
+GENERATE 


NG@(1 -2) 


PREDICTED 


SELECT) 36 PARITY 
SELECT(2) 35 


BIAS L@ = NFORCE 
BIAS HI = MI/I821, M@D8 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagram. Refer to the ANSI symbol. 
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@ O2T8S4709 


€ 59 7 


= @1 SVId 


SdGW ‘128IW = IH SVIE 
ADY@AN 


ENABLE 45, 


CLCK 03) 


IN 
SELCT() S6T A 
SELCT(C) 35]. 
= 


COMP_CONT 


7ePNECMP /”\ 
3eQNECMP/AX /\ 
O* ADD *@NECMP 
0° ADD e@NECMP 
O° Q@NECMP 


0, 1, 2*@NECMP/A, A\ 


2 INPUT ADD 
FIRST “HALE 


ro 
Q) 


Lg Beti=3) 
+GENE 
N 


RATE 
GOI -2) 


PARTIAL 
PREDICTED 
PARITY 


TIOGWAS OIDOT 


T-WW2T 


*(TOqUAS ISNV) JePpy JTeH—-IsIaATy 


12AA-1 (Cont’d) 


The following are notes for the ANSI symbol. 


N@TES FOR |2AA TYPE |: 
/\ FORCE PINS NGQ(1-2) HIGH 
ZA FORCE PINS NG@(I-2) LOW 
ZA\ FORCE PINS NE@(1-2) HIGH 
ZX FORCE PINS NEQ(I-2) LOW 
AX PINS NEQ(I-2) = FAS, Be = 

PINS NG@Q(I-2) = ZAG, BE > 3 


ZX FORCE PINS BC(O-1) HIGH 
FORCE PINS BE(O-1) LOW 


JX, FORCE PC3 LOW 
A\ PPPAY = BC2 BE® BE3 + BC2 BC3 + BE2 BES + BC2 BC3 BES 
A\ PPPAZ = BCI + BC BE! @C3 BE?) 


OPERATIONAL DESCRIPTION 


To be supplied later. 
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60458120 B 


12AB 


PIN REAL | VIRT 
NAME PIN PIN 


APPPL 16 V38 
APPPU 15 V37 
BC(1) 06 V05 
BC(2) 07 V06 


BC(3) 11 V07 
BC(5) 18 V12 
BC(6) 21 V13 
BC(7) 17 V14 


BCMPON 33 V20 
BE(0) 01 Vvo1 
BE(1) 10 vo2 
BE(2) 08 V03 


BE(3) 09 Vv04 
BE(4) 19 vos 
BE(5) 22 vo9 
BE(6) 20 V10 


BE(7) 12 V11 
BZMOD8 29 V19 
GSCL(0) 34 V17 
GSCL(1) 35 V18 


NEACO 43 V15 
NEAC1 37 V16 
NEN(O) 42 V29 
NEN(1) 52 V30 


NEN(2) 51 V31 
NEN(3) 47 V32 
NEN(4) 32 V33 
NEN(5) 23 V34 


NEN(6) 28 V35 
NEN(7) 49 V36 
NGR(0) 45 V21 
NGR(1) 50 V22 


NGR(2) 44 V23 
NGR(3) 46 V24 
NGR(4) 48 V25 
NGR(5) 36 V26 


NGR(6) 
7 


SUM(0) 
SUM(1) 03 V40 
SUM(2) 02 Vv41 
SUM(3) 31 V42 


SUM(4) 30 V43 
SUM(5) 27 V44 
SUM(6) 
SUM(7) 
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12AB~0 Second-Half Adder (Block Diagram). 


LOGIC SYMBOL 


-GROUP O,| *BCMPON 


GSCL(O) 34 -GROUP_ 6,7 *(BZM@D8+BCMPQN) 


6SCLO) 35. 
GSCLU) 35 ae 
/\.C@MBINED WITH @THER 
(8) CARRY 


L@GIC ON THE |12AB ARRAY 
NEN(O-7) |NETWORKS T@ PREDICT THE PARITY 
O AND | @F THE 8-BIT SUM. 


APPPL IG PREDICTEDR 
PARITY 


8) 
APPPU 15 


BIAS=NONE 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagram. Refer to the ANSI symbol. 
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12AB-0 Second-Half Adder (ANSI Symbol). 


LOGIC SYMBOL 


BITS 0-3 
2 INPUT ADD CARRY CORRECTI@N/ 


SECQND_ HALF RESULT 05 _NSM(Q) 


SUMO-7) 


BITS 4-7 
2 INPUT ADD 


RESULT 
4-1 SELECT 


z 
9) 
a 
S 


163 
BCMPON 33 bs 


' iN 
Besa -GP6, 7 *(BZMSD8+ ) 
GPG, ni BCMPQN) | 
IS bd IN iS 
PGP45 | pee Gp4.5eNEAC*BCMPON | 


IN 
| VGP2,3 raps ope, SeNEAC*BCMPON] |e 
» a (7) 


PREDICTED N@TE: 


. /\, COMBINED WITH @THER 
LOGIC ON THE AB ARRAY 
T@ PREDICT THE PARITY 
OF THE 8-BIT SUM. 


8) 


BIAS=NONE 
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12AB-O OPERATIONAL DESCRIPTION 


To be supplied later. 
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12AB-1 Second-Half Adder (Block Diagram). 


LOGIC SYMBOL 


NEN©-7) | NETW@RKS 
(8) 


BIAS L@ = NONE 
BIAS HI = BZM@D8, NEACO, NEAC!, BCMP@N, GSCL(O-!) 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagram. Refer to the ANSI symbol. 
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12AB-1 Second-Half Adder (ANSI Symbol). 


LOGIC SYMBOL 


BITS O=35 
2 INPUT ADD 


SECOND _HALF RESULT 


SELECT. 
N 


SUM(O-7) 


BITS 4-7 
2 INPUT ADD 
SECOND HALF 


RESULT 
4-7 SELECT 
IN 


~ 

ro) 

NIM 

NI WN 

ESE Oo 
an 

bet Ze 
eee are 


PREDICTED ygte; 


APPPU 15, /\. COMBINED WITH @THER 
APPPL I6\j4 LOGIC ON THE AB ARRAY 
a T@ PREDICT THE PARITY 
QF THE 8-BIT SUM. 


8) 


N@NE 
BZM@D8, NEACO, NEAC!I, BCMP@N, GSCL(O-1) 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


To be supplied later. 
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60458120 B 


A1(0) 
A1(1) 
A1(2) 
A1(3) 


A1(4) 
A2(0) 
A2(1) 
A2(2) 


A2(3) 
A2(4) 
B1(0) 
B1(1) 


B1(2) 
B1(3) 
B1(4) 
B2(0) 


B2(1) 
B2(2) 
B2(3) 
B2(4) 


B3(3) 
B3(4) 
B4(4) 
CLCK 


FE(0) 
FE(1) 
FE(2) 
FE(3) 


GA(0) 
GA(2) 
GA(3) 
GA(4) 


GA(5) 
GB(0) 
GB(2) 
GB(3) 


LSGN 
NFOR 
SE(0) 
SE(1) 
SEL 


SIGN 
NOSG 


RES(0) 


RES(1) 
RES(2) 
RES(3) 
RES(4) 


12AE 
REAL 

PIN 

33 


VIRT 
PIN 


V13 


V18 
V02 
V06 
V10 


V14 
V19 
V03 
V07 


V11 
V15 
V20 
V04 


vos 
V12 
V16 
V21 


V17 
V22 
V23 
V30 


V34 
V35 
V37 
V38 


V24 
V26 
V27 
V28 


V29 
V39 
V41 
V43 


V25 
V31 
V33 
V36 


V44 


V45 
V46 
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12AE-0 Boolean Network. 


LOGIC SYMBOL 


RES(O-4) 
O 


FE): 26 


SE(I) 26 Nite 
FE) 27 ag 


SIGN 52 


GB) 28 
GB) 49 
GBS) 51 
CLCK 03 


BIAS L® = 
BIAS HI = NONE 


NOTE: /\ THIS TABLE SHOWS THE BOOLEAN EQUATIGN FOR QUTPUTS F, AND 
Fo FOR EACH FUNCTION. 
| 
FUNCTION] UTE | EMT | 
| 2 


FUNCTION | a | QUTPUT 


Fo 


77 
Toee) 
| 


(o) 


a es | 
RW 


A 
B 
A 
A 
B 
B 
A 
A 


PPIDWPD PIDw 
mn 
PPOPpppaoyp 
PPWAPP Aw 
® 
@ 


" 
@ 
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12AE-0 (Contd) 


OPERATIONAL DESCRIPTION 


The 12AE-O contains an input mux, an ALU, and an output mux/register. 


Input Mux 


The data portion of the input mux (top) divides into two functions. The top function is a 
mux of the Al and A2 input highways. The A2 highway passes through the mux ungated. Gating 
modifier G5 controls the Al highway. When G5 is active, the mux function ORs the Al and A2 
highways together and passes the result to the OPA highway. 


Gating modifiers G1-G4 gate one or more of the B1-B4 highways through the lower mux. When 
more than one of the gating modifiers are active at the same time, the mux ORs the selected 
highways together and passes the result to the OPB highway. 


Note that the B3 and B4 inputs are not 5 bits wide like the other input highways. The 
B3(3,4) inputs go to bit positions 3 and 4 respectively and the B4(4) input goes to bit 
position 4. 


The GA control inputs (when LO) activate the Gl1-G5 gating modifiers. 


ALU 


The OPA and OPB highways enter the ALU, are each weighted binarily, and are designated as 
operands A and B respectively. The ALU has two highwayed outputs which are weighted 
binarily and designated Fl and F2. 


The F qualifying symbol indicates that the symbol is incomplete and the function information 
is expressed by equations for the Fl and F2 outputs. A table which accompanies the symbol 
contains this function information. 


The FE(0-3) and SE(0,1) inputs are translated to control the 16 ALU functions. FE(0) and 
SE(O) are ORed together and the result has a weight of 8 in the translator. FE(2) and SE(1) 
are ORed together and the result has a weight of 2 in the translator. FE(3) and FE(1) have 
weights of 1 and 4 respectively. 


Translations of 0-15 activate FO-F15 respectively. The table shows the equations for the Fl 
and F2 outputs for each of the 16 translations. For example, a translation of O causes the 
Fl outputs to equal an OR of the complements of the A and B operands and the F2 outputs to 
equal a binary value of 31 (all bits LO). 


Out put Mux/Register 


Control inputs GB(0), GB(2), and GB(3) control the output mux and clock on pin CLCK clocks 
the result of the mux into the register. 


GB(O) selects butween the TRA and TRB highways. GB(2) and GB(3) control sign extension. 
When GB(2) is LO, gating modifier G2 is active and extends sign to bit positions 0-3. When 


GB(3) is LO, Gl is active and extends sign to bit position 4. 


When more than one gating modifier is active at the same time, the mux ORs the selected 
highways together and passes the result to the register. 
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12AE-1 Register to a Priority Coder. 


LOGIC SYMBOL 


0)A2(0),A 1(1),A2(1), 
2)A2(2),A 1 (3) 


IN 
IN 
Baul) 16 a 


BIAS L® = GB@,3), SIGN, NFOR 
BIAS HI = SEL 


OPERATIONAL DESCRIPTION 


The 12AE-1 receives 8 data-bits and a sign bit and determines the highest-order bit which is 
different than the sign bit. It then produces a 3-bit code which contains the complement of 
the weight of that bit. 


Input Register and Priority Coder 


Data bits 0-7 enter pins A1(0), A2(0), Al(1), A2(1), Al(2), A2(2), Al(3), and B1(0) 
respectively. Bit 0 on pin Al(0) is the most-significant bit. Sign enters pin A2(3). 


Clock on pin CLCK, clocks the data bits and sign into the input register. The 
most-significant 7 data bits (0-6) from the register, connect to the priority coder. 


When sign is LO, gating modifier G2 is active causing the 7-data bits to enter the priority 
coder active HI. When sign is HI, Gl is active and the 7-data bits enter the priority coder 
active LO. The priority coder assigns weights of 7-1 to bits 0-6 respectively. The least 
significant data bit (bit 7) does not enter the priority coder because it has a weight of 0 
and would not affect the code. 


The priority coder determines the most significant active bit and produces a 3-bit code 


containing the weight of that bit. The priority coder outputs the code active HI, i.e., 
RES(0-2) outputs are all LO for a code of 0. RES(0) is the most-significant code bit. 


Significant Data Test 


Input pins Bl(1), B2(1), and B2(0) are control signals which enable a network which 
determines if any of the 8-data bits are different than the sign bit (significant data). 
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12AE-1 (Cont “d) 


Output pin NOSG is HI when the network is enabled and there are no data bits which 
are different than sign. The network is enabled (lower two inputs to the AND gate 
are LO when pin B1(1) is not equal to B2(1) and pin B2(0) is LO. There are no data 
bits different than sign when bit 7 is equal to sign and all three priority coder 
outputs are LO (code of 0). 
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12AE-2 Priority Coder. 


LOGIC SYMBOL 


A1(0}A2(0)A 1(1),A2(1), 
A 1(2),A2(2),A | (3) 


A2(3) 32 


Bl(O) 18 


B2(l) 16 5 ae 
B2(0) 06 ul 


GB,3), SIGN 


BIAS L@ 
L SEL, NFOR 


BIAS H 


OPERATIONAL DESCRIPTION 


The 12AE-2 receives 8 data-bits and a sign bit and determines the highest-order bit which is 
different than the sign bit. It then produces a 3-bit code which contains the complement of 
the weight of that bit. 


Priority Coder 


Data bits O-7 enter pins Al(0), A2(0), Al(1), A2(1), Al(2), A2(2), Al(3), and B1(0) 
respectively. Bit 0 on pin Al1(0) is the most-significant bit. Sign enters pin A2(3). 


When sign is LO, gating modifier G2 is active causing the 7-data bits to enter the priority 
coder active HI. When sign is HI, Gl is active and the 7-data bits enter the priority coder 
active LO. The priority coder assigns weights of 7-1 to bits 0-6 respectively. The least 
significant data bit (bit 7) does not enter the priority coder because it has a weight of 0 
and would not affect the code. 


The priority coder determines the most significant active bit and produces a 3-bit code 
containing the weight of that bit. The priority coder outputs the code active HI, i.e., 
RES(0-2) outputs are all LO for a code of 0. RES(0) is the most-significant code bit. 


Significant Data Test 


Input pins B1(1), B2(1), and B2(0) are control signals which enable a network which 
determines if any of the 8-data bits are different than the sign bit (significant data). 


Output pin NOSG is HI when the network is enabled and there are no data bits which are 
different than sign. The network is enabled (lower two inputs to the AND gate are LO when 
pin B1(1) is not equal to B2(1) and pin B2(0) is LO. There are no data bits different than 
sign when bit 7 is equal to sign and all three priority coder outputs are LO (code of 0). 
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12AE-3 One-Bit Latch. 


LOGIC SYMBOL 


THIS BIAS IS C@MPATIBLE WITH TYPE |! 


BIAS L® = GB@,3) SIGN, NFOR 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Clock on pin CLCK clocks the data on pin LSGN into the latch. 
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60458120 B 


12AF 


PIN REAL | VIRT 
NAME PIN PIN 


A(0) 

A(1) 16 V03 
A(2) 10 V5 
A(3) 09 v07 


A(4) 32 Vo9 
A(5) 37 V11 
A(6) 42 V13 
A(7) 44 V15 


B(0) 20 vo2 
B(1) 15 Vv04 
B(2) 11 V06 
B(3) 08 vos 


B(4) 35 V10 
B(5) 38 V12 
B(6) 41 V14 
B(7) 45 V16 


C(0) 19 V22 
C(1) 26 V23 
C(2) 17 V24 
C(3) 28 V25 


C(4) 25 V26 
C(5) 18 V27 
C(6) 36 V28 
CLCK 03 V19 


CN(0) 46 V17 
CN(1) 43 V18 
ENBLE 51 V21 
NFORCE 


TWCMP 
CcO(0) 
CcO(1) 01 V30 
PO 27 V31 


2(0) 22 V34 
2(1) 24 V36 
2(2) 06 V38 
2(3) 04 v40 


Z(4) 29 V42 
Z(5) 33 V44 
Z(6) 50 V46 
2(7) 47 Vv4s 


ZNOT(0) 21 V33 
ZNOT(1) 23 V35 
ZNOT(2) 05 V37 
ZNOT(3) 02 V39 


ZNOT(4) 30 V41 
ZNOT(5) 31 V43 
ZNOT(6) 
ZNOT(7) 
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12AF-O Mux/Register with Ones or Twos Complement Network. 


LOGIC SYMBOL 


SINOTIO- T) 


COMP OF A 
Fed 


BIAS L®@ = NFORCE 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


The 12AF-O0 contains three functional elements, an input mux/register, an ALU, and an outut 
mux. 


Input Mux/Register 


Pins CN(0,1) are active HI and control gating modifiers G2 and Gl which gate the A and B 
highways through the mux. When both gating modifiers are active at the same time, the two 
highways are ORed together. 


Clock on pin CLCK and an enable signal are ANDed together to control clock modifier C. C 
clocks the mux result into the register. 


ALU 


The 8-bit register output enters the ALU where it is weighted binarily and designated as 
operand A. The 8-bit ALU output is weighted binarily and designated as operand F. The ALU 
also has an output which is LO when the A operand is equal to zero. 


The F qualifying symbol indicates that the symbol is incomplete and the function information 
is expressed by equations in the common control block. 


Input pins C(0-6) enter the common control block of the ALU where they are ANDed together to 
control the function. When the AND gate is active (all inputs LO), the F operand is the 
two°s complement of the A operand. When the AND gate is not active, the F operand is the 
complement of the A operand. 
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12AF-0 (Contd) 


Output Mux/Register 


Input pin TWCMP selects between two highways, one from the input register (TWCMP 
HI), or one from the ALU (TWCMP LO). Two highways carry the selected data out of 
the array. The Z(0-7) outputs are active LO and the ZNOT(O-7) outputs are active 
HI. 


The output mux has a common output block at the top of the symbol (above the double 
line). The highway selected by the mux is the input to the common output block. 
The PO output is LO when there are an odd number of active bits in the selected 
highway. 
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12AF-1 Mux with Ones or Twos Complement Network. 


LOGIC SYMBOL 


52. C@(O) 


BIAS L® = CLCK, ENBLE 
BIAS HI = NFORCE 


OPERATIONAL DESCRIPTION 


The 12AF-1 contains three functional elements, an input mux/register, an ALU, and an outut 
MUX» 


Input Mux 


Pins CN(0,1) are active HI and control gating modifiers G2 and Gl which gate the A and B 
highways through the mux. When both gating modifiers are active at the same time, the two 
highways are ORed together. 


ALU @ 
The 8-bit register output enters the ALU where it is weighted binarily and designated as 
operand A. The 8-bit ALU output is weighted binarily and designated as operand F. The ALU 
also has an output which is LO when the A operand is equal to zero. 


The F qualifying symbol indicates that the symbol is incomplete and the function information 
is expressed by equations in the common control block. 


Input pins C(0-6) enter the common control block of the ALU where they are ANDed together to 
control the function. When the AND gate is active (all inputs LO), the F operand is the 
two°s complement of the A operand. When the AND gate is not active, the F operand is the 
complement of the A operand. 


Output Mux 

Input pin TWCMP selects between two highways, one from the input mux (TWCMP HI), or one from 
the ALU (TWCMP LO). Two highways carry the selected data out of the array. The Z(0-7) 
outputs are active LO and the ZNOT(0O-7) outputs are active HI. 
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12AF~-1 (Cont “d) 


The output mux has a common output block at the top of the symbol (above the double line). 
The highway selected by the mux is the input to the common output block. The PO output is 
LO when there are an odd number of active bits in the selected highway. 
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12AF-2 Mux/Register. 


LOGIC SYMBOL 


( )}4S 


24 MY ) 
CD | Xznor 
Pan ce A ZNOT 


ENBLE 51) 
CLCK _O3y 


NFORCE 
TWCMP 


BIAS L® = 
BIAS HI = 


OPERATIONAL DESCRIPTION 


Pins CN(0O,1) are active HI and control gating modifiers G2 and Gl which gate the A and 
highways through the mux. When both gating modifiers are active at the same time, the 
highways are ORed together. When both gating modifiers are inactive, zeros are on the 
to the register. 


Clock on pin CLCK and an enable signal are ANDed together to control clock modifier C. 
clocks the mux result into the register. 


60458120 B 


A: Ok - od. 


12AF-3 Mux/Register with Parity Generator. 


LOGIC SYMBOL 


CNO) 

CNC) 3 

ENBLE 5! p 
CLCK _O3\\' 


BIAS L@ = NFORCE 
BIAS HI = 


OPERATIONAL DESCRIPTION 


Pins CN(0O,1) are active HI and control gating modifiers G2 and Gl which gate the A and B 
highways through the mux. When both gating modifiers are active at the same time, the two 
highways are ORed together. 


Clock on pin CLCK and an enable signal are ANDed together to control clock modifier C. C 
clocks the mux result into the register. 


The register has a common output block at the top of the symbol (above the double line). 
The content of the register is the input to the common output block. The PO output is LO 
when there are an odd number of active bits in the register. 
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LOGIC SYMBOL 


CN(O) 46 


BIAS L@ = CLCK, ENBLE 
BIAS HI = NF@RCE, TWCMP 


OPERATIONAL DESCRIPTION 


Pins CN(0,1) are active HI and control gating modifiers G2 and Gl which gate the A 
and B highways through the mux. When both gating modifiers are active at the same 


time, the two highways are ORed together. 
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12AF-5 Mux with Parity Generator. 


LOGIC SYMBOL 


ean 
Sh @ 20-0 
SZNOTO- 1) 


CN(O) 

CN() 73 

BIAS L@ = CLCK, ENBLE 
BIAS HI = NFORCE, TWCMP 


OPERATIONAL DESCRIPTION 


Pins CN(0,1) are active HI and control gating modifiers G2 and Gl which gate the A 
and B highways through the mux. When both gating modifiers are active at the same 
time, the two highways are ORed together. 


The mux has a common output block at the top of the symbol (above the double 
line). The highway selected by the mux is the input to the common output block. 
The PO output is LO when there are an odd number of active bits in the selected 
highway. 
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12AF-6 Mux/Register with Zero Check. 


LOGIC SYMBOL 


BIAS L@ = NFORCE 
BIAS HI = 


OPERATIONAL DESCRIPTION 


Pins CN(0,1) are active HI and control gating modifiers G2 and Gl which gate the A and B 
highways through the mux. When both gating modifiers are active at the same time, the two 
highways are ORed together. 


Clock on pin CLCK and an enable signal are ANDed together to control clock modifier C. C 
clocks the mux result into the register. 


The register has a common output block at the top of the symbol (above the double line). 


The content of the register is the input to the common output block. The CO(0,1) outputs 
are both LO when the contents of the register is equal to zero (no bits active). 
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60458120 B 


12AG 


REAL | VIRT 
PIN PIN 


A(0) 

A(1) 16 Vo2 
A(2) 11 V03 
A(3) 09 v04 


A(4) 10 Vo5 
A(5) 38 V06 
A(6) 34 V07 
A(7) 33 vos 


A(8) 44 vo9 
A(9) 43 Vv10 
ADD 52 V26 
B(0) 18 V11 


B(1) 15 Vi2 
B(2) 12 V13 
B(3) 06 Vv14 
B(4) ‘ 08 V15 


B(5) 42 Vi6 
B(6) 37 V17 
B(7) 35 V18 
B(8) 41 V19 


B(9) 47 Vv20 
CLCK 03 V23 
ENBA 31 V22 
ENBB 01 V25 


NE(0) 32 V31 
NE(1) 29 . V32 
NE(2) 21 V33 
NE(3) 22 V34 


NFRC 07 V24 
NG(1) 25 V35 
NG(2) 20 V36 
NG(3) 19 V37 


NGR(1) 
NSIGN 
AND 
C(0) 28 V44 


C(1) 26 Vv45 
C(2) 23 V46 
C11 30 V47 
EQ 


GEN 
NCOUT(0) 49 V42 
NCOUT(1) 50 V43 
NCOUT(2) 51 Vv29 


NENA 
NGEN 
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12AG-O Registers to an Enable/Generate Network. 


———— 


LOGIC SYMBOL 


(O-—4 | 
a 


AD 


ENBB O| 


ENBA Sin 04 NGEN 


NGR(I) 45 


NF RC 
NONE 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


The 12AG-O has three functional elements: an input register, an ALU, and a carry 
network. 


Input Register 


The input register functional element consists of two 10-bit registers and a 1-bit 
register. Input pins ENBA and ENBB control gating modifiers Gl and G2 which gate 
the input data to the input of the register. Clock on pin CLCK clocks the selected 
data into the registers. A register loads zeros when the clock modifier is active 
while the gating modifier at the input to that register is inactive. 


ALU 


The A highway enters the ALU where it is weighted binarily and designated as 
operand A. 


The ADD signal controls the complementing of the B highway. When ADD is HI, gating 
modifier Gl is active and gates the complement of the B highway (active HI) into 
the ALU. G2 gates the B highway active LO. The selected state of the B highway is 
weighted binarily and designated as operand B. 


Output NENA is a group enable and is HI when there is a 00, 10, or Ol combination 
in each bit position of the A and B operands. 


Output NGEN is a group generate and is HI when the summation of A and B is less 
than 1023. 
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12AG-0 (Contd) 


Carry Network 


The NCOUT (0-2) outputs are LO when the following pins are LO: (NENA AND NGEN) OR 
[NGEN AND NGR(1)]. 
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12AG-1 Enable/Generate Network. 


LOGIC SYMBOL 


+ENABLE 
O2 NENA 


BIAS L® = ENBA, ENBB, CLCK 
BIAS HI = NFRC 


OPERATIONAL DESCRIPTION 


The A highway enters the ALU where it is weighted binarily and designated as 
operand A. 


The ADD signal controls the complementing of the B highway. When ADD is HI, gating 
modifier Gl is active and gates the complement of the B highway (active HI) into 
the ALU. G2 gates the B highway active LO. The selected state of the B highway is 
weighted binarily and designated as operand B. 


Output NENA is a group enable and is HI when there is a 00, 10, or O1 combination 
in each bit position of the A and B operands. 


Output NGEN is a group generate and is HI when the summation of A and B is less 
than 1023. 
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12AG-2 Register to a Compare Network. 


LOGIC SYMBOL 


BIAS L 
BIAS H 


HOE 
TT 

Zz 

aul 

2 

?) 


OPERATIONAL DESCRIPTION 


Input Register 


The input register functional element consists of two 10-bit registers. Input pins 
ENBA and ENBB control gating modifiers Gl and G2 which gate the input data to the 
input of the registers. Clock on pin CLCK clocks the selected data into the 
registers. A register loads zeros when the clock modifier is active while the 
gating modifier at the input to that register in inactive. 

ALU 


The A and B highways enter the ALU where they are each weighted binarily and 
designated as operands A and B respectively. 


Output EQ is LO when the A operand is equal to the B operand. 
Output NGEN is LO when the A operand is greater-than, or equal-to the B operand. 


Output GEN is LO when the A operand is less than the B operand. 
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12AG-3 Compare Network. 


LOGIC SYMBOL 


ENBA, ENBB, CLCK 
ADD, NFRC 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


The A and B highways enter the ALU where they are each weighted binarily and designated as 
operands A and B respectively. 


Output EQ is LO when the A operand is equal to the B operand. 
Output NGEN is LO when the A operand is greater-than, or equal-to the B operand. 


Output GEN is LO when the A operand is less than the B operand. 
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12AG-4 AND Gate. 


LOGIC SYMBOL 


BIAS L@ = NONE 


NOTE: COMPATIBLE WITH I2AG TYPES 0, |, 2, AND 3. 


OPERATIONAL DESCRPTION 


(None required.) 
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12AG-5 Carry Network. 


LOGIC SYMBOL 


NEG) 22) a [es Cte) 


BIAS L@ = NSIGN 
BIAS HI = NONE 


NOTE: COMPATIBLE WITH I2AG TYPES O, |, 2, AND 3. 


OPERATIONAL DESCRIPTION 


Inputs and Outputs 


+ Generates enter pins NG(1-3). 
+ Enables enter pins NE(1-3). 
+ Carries leave pin C(0-2). 


Carry Network 


The carry network is composed of a series of OR gates and AND gates interconnected 
to propagate a carry upward through the network. 


Output pin C(2) is active (HI) when NG(3) AND NE(3) are both active (LO). 


Output pin C(l) is active (HI) with the active states of the following: 
(C(2) OR NE(2)) AND NG(2). 


Output pin C(0) is active (HI) with the active states of the following: 
(C(1) OR NE(1)) AND NG(1). 
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12AG-6 OR/AND Gates. 


LOGIC SYMBOL 


| 
NG(2)_20 


NE( 3), NSIGN 
N@NE 


BIAS L® 
BIAS HI 


N@TE: COMPATIBLE WITH I2AG TYPES O, |. 2, AND 3. 


OPERATIONAL DESCRIPTION 


Output C(0) is active (LO) with the active HI states of the following: 
* (NG] OR NE1) AND (NGI OR NG2 OR NG3) AND (NG1 OR NG2 OR NE2). 


Output Cll is active (LO) with the active HI states of the following: 
* (NG1 OR NG2 OR NE2) AND (NG2 OR NEQ) AND NE1l. 


* Parentheses were removed from the input pin names in order to make the equation 
easier to read. 
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12AG-7 OR/AND Gates. 


LOGIC SYMBOL 


eats wane 
NSN SE 
NE) [l3e_ 

ies | 30 Cl 

bas RE 

TOL 

BIAS L@ = NG@) 
BIAS HI = NE(1) 


N@TE: COMPATIBLE WITH 12AG TYPES 0, |, 2, AND 3. 


OPERATIONAL DESCRIPTION 


Output C(O) is active (LO) with the active (HI) states of the following: 
* (NG1 OR NG2 OR NE3) AND [NG1 OR NG2 OR NE2 OR (NSIGN AND NEO AND NE3)]. 


Output Cll is active (LO) with the active (HI) states of the following: 
* [NGl OR NG2 OR NE2 OR (NSIGN AND NEO AND NE3)] AND (NEO OR NE2). 


* Parentheses were removed from the input pin names in order to make the equations easier to 
read. 
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12AG-8 OR/AND Gates. 


LOGIC SYMBOL 


BIAS L® = NG(3), NSIGN 
BIAS HI = NE(I) 


NOTE: COMPATIBLE WITH I2AG TYPES 0, >be 2 AND SS. 


OPERATIONAL DESCRIPTON 


Output C(0) is active (LO) with the active (HI) states of the following: 
* (NGI OR NG2 OR NE3) AND (NGI OR NG2 OR NE2). 


Output Cll is active (LO) with the active (HI) states of the following: 
* (NG1 OR NG2 OR NE2) AND (NE2 OR NEO). 


* Parentheses were removed from the the input pin names in order to make the 
equations easier to read. 
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60458120 B 


12AH 


REAL VIRT 
PIN PIN 


A(0) 

A(1) 19 vo9o 
A(2) 06 V10 
A(3) 09 V15 
A(4) 17 V22 
CLCK 03 Vv01 
D(0) 36 Vii 
D(1) 33 V12 
D(2) 35 V25 
D(3) 37 V24 
D(4) 34 V23 
(0) 26 v40 
L(1) 25 V46 
L(2) 32 V44 
LAT 42 V42 


LOAD 


LSA 
NFA 31 V43 
NFORCE 01 Vv02 
PAEI(3) 10 V13 


PAEI(4) 20 V20 
PAGI(3) 12 V16 
PAGI(4) 15 V18 
PSEI(3) 08 V14 


PSEI(4) 18 V21 
PSGI(3) 11 V17 
PSGI(4) 38 v19 
SA 


SS 
TPIN 
GEA 
GES 04 V38 


LATO 48 v04 
NGGA 27 v29 
NGGS ‘51 V36 
NLATO 45 V47 


NPRD(O) 05 V48 
NPRD(1) 07 V45 
PAEO(0) 29 V32 
PAEO(1) 21 V30 


PAGO(0) 28 V31 
PAGO(1) 24 V28 
PSEO(0) 50 V33 
PSEO(1) 49 V37 


PSGO(0) 52 V34 
PSGO(1) 02 V35 
QOUT 47 
zZ 23 
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d OcT8S709 


7 JO T 


IH SvIa 
@1 SVIg 


SNON 


SOYSIN ‘NIdL 


PAGII,2 5 PAG2,3 
2) 


QU@TIENT BIT 
L@GIC/RGTR 


1/7 


PAEO, | 3) © 
PSGO, | 3) PSGO(O- |) 


PAGO, | (>  PAGBIO“N) 


PARTIAL ADD 
GROUP CARRY NET 


En-1 *DN-1*Gn-1) 


En ® Dyn @ 
En—1 *Dn-1+Gn-1) 


PARTIAL SUBTRACT 
eel CARRY NET 


En-19D n-itGn-1) 
Ey® Dy @ 
E y-1°D n-1*G n-1) 


ES ES) 


TIOGNAS DIDOT 


O-HVZT 


* ePTATC 


12AH-O (Contd) 


OPERATIONAL DESCRIPTION 


The 12AH-O array contains the Quotient Bit Logic/Register, Dividend Register, two ALUs which 
simultaneously add and subtract the divisior to/from the dividend, and carry networks which 
produce group generates and group enables for each ALU. 


Quotient Bit Logic/Register 


The Quotient Bit Logic produces one quotient bit per iteration. This logic determines the 
state of each quotient bit by testing the state of the previous quotient bit (output of the 
Quotient Bit Register) and the carries from the add and subtract operations (inputs SA and 
SS respectively). 


The equation for the top output from_the Quotient Bit Logic and the input to the Quotient 
Bit Register is: LOAD OR (SA and Quotient Bit) OR (SS and Quotient Bit). The SA and SS 
inputs are HI when there is a carry from their respective carry networks. These carry 
networks take the group generates and group enables from 12AH-O arrays and produce the carry 
signals. 


Clock on pin CLCK clocks the result of the Quotient Bit Logic into the Quotient Bit Register. 


Quotient Bit Logic and Register Operation 


A LO signal on the LOAD input along with clock, starts the divide operation by setting the 
Quotient Bit Register. This first quotient bit is not used outside the 12AH-O array. Its 
purpose is to cause a subtract operation during the first iteration. 


When the Quotient Bit Register is set, the lower of the two AND gates in the Quotient Bit 
Logic is enabled to test the result of the subtract operation. If pin SS is HI, the 
subtract operation was a success and the quotient bit produced by this iteration is also a 1 
(clock again sets the Quotient Bit Register). If pin SS is LO, the subtract operation was 
not a success and clock clears the Quotient Bit Register. Thus the quotient bit produced by 
this iteration is a zero. 


When the Quotient Bit Register is clear (latest quotient bit equal to 0), the top AND gate 
is enabled to test the result of the add operation. If pin SA is HI, the add operation was 
a success and the quotient bit produced by this iteration is a 1 (clock sets the Quotient 
Bit Register). If pin SA is LO, the add operation was not a success and the Quotient Bit 
Register remains clear. Thus the quotient bit produced by this iteration is a 0. 


Divident Register 


The data portion (top) of the Dividend Register consists of two mux/registers. The top 
mux/register selects between partial add generate results (PAGI input highway) and partial 
subtract generate results (PSGI input highway). The bottom mux/register selects between 
partial add enable results (PAEI input highway), partial subtract enable results (PSEI), and 
the initial dividend (A input highway). 
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12AH-O (Cont“d) 


All the partial add and partial subtract results are left-shifted 1 bit position by way of a 
wired left-shift between the ALU outputs and the Dividend Register inputs. The 2 
least-significant bits in each input highway come from the two most~significant bits on the 
next lower 12AH-O array in the divide network (note the PSEO, PAEO, PSGO, and PAGO output 
highways). The remaining bits are left-shifted by way of a wired shift on the array. 


The LOAD input, the output from the Quotient Bit Logic, and clock control the Dividend 
Register. 


When the LOAD input is LO, gating modifier Gl is active and G2 is inactive. This disables 
all partial add and partial subtract result inputs and selects the initial dividend inputs 
(A input highway). Clock clocks the A input highway into the lower portion of the Dividend 
Register. Clock clears (clocks zeros into) the upper portion of the Dividend Register 
because G2 is inactive. 


When the LOAD input is HI, gating modifier Gl is inactive and G2 is active. This disables 
the A inputs and allows the Quotient Bit Logic, through G3 and G4, to control the selection 
of partial add or partial subtract results. 


When the output from the Quotient Bit Logic is LO, G3 selects partial subtract results to 
both portions of the Dividend Register. When the output from the Quotient Bit Logic is HI, 
G4 selects partial add results. Clock clocks the selected data into the register. 


Partial Add 


Three data highways enter the Partial Add ALU. Each highway is weighted decimally beginning 
with one and designated as operand G, E, or D. The G operand is the generates from the 
Dividend Register, the E operand is the enables (or the initial dividend) from the Dividend 
Register, and the D operand is the divisor which enters on pins D(0-4). Pin D(4) enters 
active HI and is inverted to match the rest of the divisor. 


Two highways leave the ALU. Each highway is weighted decimally beginning with two. The top 
highway is the partial add generates designated PG and the bottom highway is the partial add 
enables designated PE. 


Equations in the ALU function show the relationship between the inputs and outputs. For 
example PG bit 2 = (E bit 2 exclusive OR D bit 2) AND (E bit 1 AND D bit 1 ORG bit 1). 


Partial Subtract 


The Partial Add and Partial Subtract ALUs are the same except for two small differences. 
The divisor enters the Partial Subtract ALU active HI (inverted), and input pin LSA (when 
LO) forces the least-significant bit of the G operand to a one. When LSA is HI, it has no 
effect on the G operand. Refer to the Partial Add description. 
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12AH-0O (Contd) 


Partial Add Group Carry Network 


The Partial Add Group Carry Network receives partial add generates (PAG) and partial add 
enables (PAE) and determines the group generate (output NGGA) and group enable (output GEA) 
Signals. The NFA input controls gating modifier G3 which gates the NGGA output. 


Each PAG input enters an OR function controlled by gating modifiers. The PAE inputs control 
these gating modifiers. 


Output NGGA is active (HI) when NFA is active (LO) and the following equation is active: 
PAG O OR (PAG 1 AND PAE 0) OR (PAG 2 AND PAE O AND PAE 1) OR (PAG 3 AND PAE O AND PAE 1 AND 
PAE 2). 


Output GEA is active (LO) when all four PAE signals are LO. 


Partial Subtract Group Carry Network 


The Partial Subtract Group Carry Network receives partial subtract generates (PSG) and 
partial subtract enables (PSE) and determines the group generate (output NGGS) and group 
enable (output GES) signals. 


Each PSG input enters an OR function controlled by gating modifiers. The PSE inputs control 
these gating modifiers. 


Output NGGS is active (HI) when the following equation is active: PSG 0 OR (PSG 1 AND PSE 
0) OR (PSG 2 AND PSE 0 AND PSE 1) OR (PSG 3 AND PSE O AND PSE 1 AND PSE 2). 


Output GES is active (LO) when all four PSE signals are LO. 
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12AH~1 Latch. 


LOGIC SYMBOL 


COMPATIBLE WITH TYPE O 
BIAS L® = TPIN, NF@RCE 
BIAS HI = NONE 


OPERATION DESCRIPTION 


Clock on pin CLCK clocks the data on pin LAT into the latch. The latch has an active LO 
output (LATO) and an active HI output (NLATO). 
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12AH~-2 AND Gate. 


LOGIC SYMBOL 


IN 


— 
eR eceloeee on 


COMPATIBLE WITH ALL TYPES 
BIAS = N@NE 


OPERATION DESCRIPTION 


(None required.) 
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60458120 B 


12AT 


REAL | VIRT 
PIN PIN 
20 


A(0) 

A(1) 17 
A(2) 16 Vos 
A(3) 11 V06 


A(4) 19 V07 
A(5) 18 vos 
A(6) 15 Vvo9 
A(7) 12 V10 


AS(0) 22 Vvo1 
AS(1) 21 V02 
B(0) 38 V13 
B(1) 41 V14 


B(2) 43 V15 
B(3) 45 V16 
B(4) 33 V17 
B(5) 35 Vv18 


B(6) 37 v19 
B(7) 42 V20 
BS(0) 36 Vv11 
BS(1) 34 V12 


CARYN(0) 06 Vv29 
CARYN(1) 51 V30 
CLCK 03 V26 
EASGN 44 V24 


EBSGN 10 V25 
FZ 09 V31 
M170 08 V23 
NFOR 07 


NGR1 25 
SEL 
CAROT 
COUT(0) 26 V33 


COUT(1) 27 V34 
LSB 31 V39 
NCOUT 23 V35 
NENA 


NGEN 
NLSB 30 V21 
NR7 47 V22 
ONEG 32 V40 


R(0) 05 V4 
R(1) 04 V42 
R(2) 02 V43 
R(3) 01 V44 


R(4) 52 V45 
R(5) 49 V46 
R(6) 
R(7) 


1 of 1 


12AI-O Eight Or Four-Bit Adder. 


LOGIC SYMBOL 


30 NLSB 


EBSGN 10 3 32. @NEG 


CARRY 
NETWORK 
23 NC QUT 
28 =CCAROT 
ae NS N nae 
| 


a= O08 


BS, | oN 


CARYNO, |) 


NFQR O7 
FZ 09 
NOTE:/\ UPPER 4 BITS @F EABC ARE UNDEFINED 
WHEN GI IN THE ALU IS ACTIVE. 


BIAS L@ 
BIAS HI 


NONE 
SEL 


OPERATIONAL DESCRIPTION 


LSB/MINUS ONE 


Outputs LSB (LO) and NLSB (HI) = (A7 exclusive OR B7) exclusive OR [(EASGN exclusive OR 
EBSGN) AND M170]. 


Output ONEG = (EASGN exclusive OR EBSGN) exclusive OR (AS(0,1)* exclusive OR BS(0,1)* AND 
M170. 


* Inputs AS(O) and AS(1) are logically the same. Inputs BS(0) and BS(1) are also logically 
the same. 
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12AT-O (Contd) 


Complement 


The AS(0,1), BS(0,1) and M170 inputs control the complementing of the A and B input 
highways. Inputs AS(0) and AS(1) are logically the same. Inputs BS(0) and BS(1) are also 
logically the same. 


When input M170 is HI, both AND gates are inactive making gating modifiers Gl and G3 

active. Gl gates the complement of B (active HI) through the function. G3 gates the true 
state of A (active LO) through the function. When M170 is LO, the signal on pins AS(0,1) 
controls the state of the A highway and the signal on pins BS(0,1) controls the state of the 
B highway. 


When the top AND gate is active [M170 LO and AS(0,1) LO] G4 gates the complement of A 
through the function. 


When the bottom AND gate is active [M170 LO and BS(0,1) LO] G2 gates the true state of B 
through the function. 


Enable Network 


The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or O1 
combination in each bit position of the A and B operands. The 8-Bit signal from the ALU 
Control controls the number of bits in the A and B operands checked for the enable condition. 


When the 8-Bit signal is LO, V is inactive and the Enable Network checks all 8 bits. When 
the 8-Bit signal is HI, V is active and forces an enable condition in the top 4 bits. 


ALU 


The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU active HI, from 
pins CARYN(0,1), is weighted a binary 1 and designated as operand C. 


The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
The most-significant 4 bits of the result are undefined when gating modifier Gl is active. 
Gl is active when the 8-Bit signal is HI. 


The 8-bit result output highway passes through a gate on the way to the output pins. The 
Gate Output signal, when LO, gates the result to the output pins. Pins R(0-7) are active LO 
outputs. Pin NR7 is an active HI copy of the least-significant bit. 

The ALU has a generate output (NGEN) which is HI when gating modifier G2 is active and the 


summation of A and B is less than 255 or when Gl is active and the summation of the 
least-significant 4 bits of A and B are less than 15. 


Carry Network 


The signal entering pin NGR1 is an active HI (+) signal. 


Outputs COUT(0,1) are LO and NCOUT is HI when the following equation is active: Generate OR 
(Enable and NGR1). 


Output CAROT is LO when the following equation is active: Generate OR (Minus One AND 
Enable). 
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12AT-1 MUX/Register. 


LOGIC SYMBOL 


SEL, NFOR 


BIAS L® = 
I = CARYNO,!) 


BIAS H 


OPERATIONAL DESCRIPTION 

Pins EASGN, EBSGN, and clock on pin CLCK are translated to control the mux/register. 
Translations of 0-3 cause the register to hold. 

Translations of 4-7 clock data into the register from pins [B(0-3)] respectively. 


The register outputs five copies of the selected data (RO-5). 
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12AI-~2 MUX. 


LOGIC SYMBOL 


BIAS L® = SEL, CLK 
qs 


BIAS H CARYN, 1), NFOR 


OPERATIONAL DESCRIPTION 
Pins EASGN and EBSGN are translated to control the mux. 
Translations of 0-3 select data from pins B(0-3) respectively. 


The mux outputs five copies of the selected data (RO-5). 
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60458120 B 


A(0) 
A(1) 15 
A(2) 12 
A(3) 09 


A(4) 22 
A(5) 16 
A(6) 11 
A(7) 10 


B(0) 36 
B(1) 37 
B(2) 42 
B(3) 43 


B(4) 32 
B(5) 38 
B(6) 41 
B(7) 44 


CARYN(0O) 46 
CARYN(1) 27 
CLCK 03 
CLCKEN 06 


COMPA 20 
COMPB 34 
LTCHOP 52 
N4BIT(0) 48 


N4BI!T(1) 01 
NCOMPA 17 
NCOMPB 
NFORCE 


CSUM(0) 
CSUM(1) 24 
CSUM(2) 30 
CSUM(3) 31 


CSUM(4) 05 
CSUM(5) 04 
CSUM(6) 50 
CSUM(7) 47 


NENA 28 
NGEN 51 
ONES 25 
SUM(0) 19 


SUM(1) 23 
SUM(2) 29 
SUM(3) 33 
SUM(4) 07 


SUM(5) 02 
SUM(6) 49 
SUM(7) 
ZEROS 


12AJ 
REAL | VIRT 
PIN PIN 
18 


Vo1 
V02 
V03 
V04 


Vo5 
V06 
V07 
Vos 


vo9 
V10 
V11 
V12 


V13 
Vv14 
Vi15 
Vi16 


v21 
V35 
V22 


Vv19 
V38 
V37 


V36 
V18 


V42 
V43 
V44 


V45 
V46 
V47 
V48 


V34 
V33 
V40 
V25 


V26 
V27 
V28 
V29 


V30 
V31 
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12AJ-O Eight or Four~Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


23 
r 1 
oD; | 2 LA,B<255 +2 
coves 34 2 eae eIoe 
N 


SUMO-7) 


SS 


COMPB 35 No} . 29 ONES 
4 
N 
LS 


(8) 
CSUM(O-7) 
8) 


Gl 
GhOK 0S oe NO 


NOTE: /\ UPPER 4 BITS @F TABC ARE UNDEFINED 
WHEN N4BIT IS HI. 


BIAS L@ = NFORCE, LTCHOP 
BIAS HI = N@NE 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 
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12AJ-0 (Contd) 
A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier Vl in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 

Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of the A and B operands. The N4BIT input controls the 
number of bits in the A and B operands checked for the enable condition. 

Input pins N4BIT(0,1) are both connected to the same input signal. 

When N4BIT is LO, OR modifier V is inactive and the enable network checks all 8 bits. When 


N4BIT is HI, V is active and forces an enable condition in the top 4 bits. 


ALU 


The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 


The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
The most significant 4 bits of the result are undefined when gating modifier Gl is active. 
Gl is active when N4BIT is HI. 

Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 
outputs, CSUM(0-7) are active HI result outputs. 

Output NGEN is a group generate output and is HI when gating modifier G2 is active and the 
summation of A and B is less than 255 or when Gl is active and the summation of the 
least-significant 4 bits of A and B are less than 15. 

Output ZEROS is LO when the summation of A, B, and C is equal to 0. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AJ~-1 Eight-Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


(8) N 

1 4 
ae 
COMPA 20 jae 


NCOMPA | 


26 ZEROS 
§ S 


SUM(O-7) 


(8) 
re cpl csuMO-7) 

we © 
poe gf i PT 


CLCK 


BIAS L@ = NFORCE, N4BITO-1) LTCH@P 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 
Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 
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12AJ-1 (Cont~d) 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier Vl in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 

Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of the A and B operands. 

ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 


outputs, CSUM(0-7) are active HI result outputs. 


Output NGEN is a group generate output and is HI when the summation of A and B is less than 
255. 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AJ-2 Eight or Four-Bit Adder with Input Registers. 


LOGIC SYMBOL 


c {ty 
(8) os 
B(0-7) 
COMPA moe 


r 1 
2 
4 88 ; 
compa 344 sole co | 26 ZEROS 
ieenaren SNe. Q a ONES] 


ICLCKEN 06, 06 4 re 7) 


ICLCK O34 
esuno- T)I 


NOTE: /\ UPPER 4 BITS OF EABC ARE UNDEFINED 
WHEN N4BIT IS HI. 


BIAS L® = NFORCE 
BIAS HI = LTCH@P 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways: and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 
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12AJ-2 (Cont “d) 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier V1 in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 

Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of the A and B operands. The N4BIT input controls the 
number of bits in the A and B operands checked for the enable condition. 

Input pin N4BIT(0,1) are both connected to the same input signal. 

When N4BIT is LO, OR modifier V is inactive and the enable network checks all 8 bits. When 
N4BIT is HI, V is active and forces an enable condition in the top 4 bits. 

ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
The most significant 4 bits of the result are undefined when gating modifier Gl is active. 
Gl is active when N4BIT-is HI. 

SUM(0-7) are active LO result outputs, CSUM(0-7) are active HI result outputs. 

Output NGEN is a group generate output and is HI when gating modifier G2 is active and the 
summation of A and B is less than 255 or when Gl is active and the summation of the 
least-significant 4 bits of A and B are less than 15. 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AJ-3 Eight-Bit Adder with Input Registers. 


LOGIC SYMBOL 


NCOMPA 17 No 


COMPB 34 X>Y 
NCD Ios 
NCOMPB 35-5 | 


CLCKEN O06) 
CLCK _O3y\ 


NFQRCE, N4BITO-1) 
LTCH@P | E 


BIAS L® 
BIAS HI 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 
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12AJ-3 (Contd) 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier Vl in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 

Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or 01 
combination in each bit position of the A and B operands. 

ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 


SUM(0-7) are active LO result outputs, CSUM(0-7) are active HI result outputs. 


Output NGEN is a group generate output and is HI when the summation of A and B is less than 
255.6 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AJ-4  Eight-Bit Adder. 


LOGIC SYMBOL 


mee z 
COMPA 20N5 X>Y 


3 
NCOMPA ITN | 2 
| 


26 ZEROS 
25 ONES 


COMPB_ 34, XY 
NCOMPB 35), 2 oZ (8) 

| , 2 | CSUMO-7) 
8) 


BIAS L®@ = N4BITO-1), LTCH@P, CLCK, CLCKEN 
BIAS HI = NF@RCE 


OPERATIONAL DESCRIPTION 


Complement Network 


The COMPA and NCOMPA inputs are translated to control gating modifiers G3 and G4 and OR 
modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out through the network. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
highway to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
highway to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 


The COMPB and NCOMPB inputs are translated to control gating modifiers Gl and G2 and OR 
modifier Vl in the same manner as COMPA and NCOMPA control G3, G4, and V2 respectively. 


Enable Network 


The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of the A and B operands. 
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12AJ—4 (Cont ~“d) 


ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 


SUM(O-7) are active LO result outputs, CSUM(O-7) are active HI result outputs. 


Output NGEN is a group generate output and is HI when the summation of A and B is less than 
255. 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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A(0) 


12AM 

REAL | VIRT 
PIN PIN 
16 


A(1) 08 

A(2) 31 

A(3) 51 V25 
B(0) 20 V02 
B(1) 09 Vv10 
B(2) 33 V18 
B(3) 48 V26 
BS 12 V38 
C(0) 17 V03 
C(1) 06 V11 
C(2) 29 V19 
C(3) 49 V27 
CLCK 03 V42 
D(0) 21 V04 
D(1) 11 V12 
D(2) 36 Vv20 
D(3) 47 V28 
E(0) 22 V05 
E(1) 01 V13 
E(2) 34 Vv21 
E(3) 45 V29 
ENA 37 V40 
F(0) 23 V06 
F(1) 10 V14 
F(2) 32 V22 
F(3) 44 V30 
G(0) 18 Vv07 
G(1) 07 V15 
G(2) 38 V23 
G(3) 43 V31 
H(0) 19 vos 
H(1) 05 V16 
H(2) 35 V24 
H(3) 46 V32 


NFORCE 
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60458120 F 


PIN 
NAME 


A(0) 
A(1) 
A(2) 
A(3) 


A(4) 
A(5) 
A(6) 
A(7) 


B(0) 
B(1) 
B(2) 
B(3) 


B(4) 
B(5) 
B(6) 
B(7) 


CARYN(0) 
CARYN(1) 
CLCK 
CLCKEN 


COMPA 
COMPB 
N4BIT(0) 


N4BIT(1) 
NCOMPA 
NCOMPB 
NFORCE 


CSUM(0) 
CSUM(1) 
CSUM(2) 
CSUM(3) 


CSUM(4) 
CSUM(5) 
CSUM(6) 
CSUM(7) 


NENA 
NGEN 
ONES 
SUM(0) 


SUM(1) 
SUM(2). 
SUM(3) 
SUM(4) 


SUM(5) 
SUM(6) 
SUM(7) 
ZEROS 


12AK 


REAL 
PIN 


18 
15 


28 
51 
25 


VIRT 
PIN 


v0o1 
vo2 
V03 
vo04 


Vo5 
V06 
Vv07 
vos 


vo9 
Vv10 
vii 
Vvi2 


V13 
V14 
Vi5 
V16 


V21 
V35 
V22 
V24 


Vi17 
v19 
V37 


V36 
Vv18 
v20 
Vv23 


v4l 
V42 
v43 
v44 


Vv45 
V46 
Vv47 
Vv48 


V34 
V33 
v40 
V25 


V26 
V27 
V28 
Vv29 


V30 
V31 
V32 
Vv39 
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12AK-0 Eight or Four-Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


“© 
a -7) 
ICOMPA 20 Gs XY 


23 
NCQOMPA 17 Z 


‘at 


COMPB 34)cp |X>Y 


23 | 26 ZEROS 


NC@MPB 35), L 25 @NESJ 


NoTE: /\ UPPER 4 BITS @F LABC ARE UNDEFINED 
WHEN N4BIT IS HI. 


NF@RCE 
N@NE 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 
Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 
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12AK-0 (Cont “d) 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier Vl in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 


Enable Network 


The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of A(0-6) and B(0-6) along with a 10 or O01 combination in 
bit position A(7) and B(7). The N4BIT input controls the number of bits in the A and B 
operands checked for the enable condition. 


Input pins N4BIT(0,1) are both connected to the same input signal. 


When N4BIT is LO, OR modifier V is inactive and the enable network checks all 8 bits. When 
N4BIT is HI, V is active and forces an enable condition in the top 4 bits. 


ALU 


The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 


The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
The most significant 4 bits of the result are undefined when gating modifier Gl is active. 
Gl is active when N4BIT is HI. 

Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 
outputs, CSUM(0-7) are active HI result outputs. 

Output NGEN is a group generate output and is HI when gating modifier G2 is active and the 
summation of A and B is less than 255 or when Gl is active and the summation of the 
least-significant 4 bits of A and B are less than 15. 


Output ZEROS is LO when the summation of A, B, and C is equal to 0. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AK-1 Eight-Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


6) . 
B(O-7) 
N 


CQMPB 3 
B36 r 26 ZEROS 
NCOMPB_ 35, 


5 N (8) 
cc cof esa 
8) 
cucxent | 


CL.CK 


NF@RCE. N4BIT(O-1 ) 
N@NE 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 


and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 
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12AK-1 (Cont “d) 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier V1 in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 


Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or 01 
combination in each bit position of A(0-6) and B(0-6) along with a 10 or O01 combination in 
bit position A(7) and B(7). 

ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 
outputs, CSUM(0-7) are active HI result outputs. 


Output NGEN is a group generate output and is HI when the summation of A and B is less than 
255-6 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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60458120 F 


PIN 
NAME 


A(0) 
A(1) 
A(2) 
A(3) 


A(4) 
A(5) 
A(6) 
A(7) 


B(O) 
B(1) 
B(2) 
B(3) 


B(4) 
B(5) 
B(6) 
B(7) 


CARYN(O) 
CARYN(1) 
CLCK 
CLCKEN 


COMPA 
COMPB 
N4BIT(0) 


N4BIT(1) 
NCOMPA 
NCOMPB 
NFORCE 


CSUM(0) 
CSUM(1) 
CSUM(2) 
CSUM(3) 


CSUM(4) 
CSUM(5) 
CSUM(6) 
CSUM(7) 


NENA 
NGEN 
ONES 
SUM(0) 


SUM(1) 
SUM(2) 
SUM(3) 
SUM(4) 


SUM(5) 
SUM(6) 
SUM(7) 
ZEROS 


12AL 


REAL 
PIN 


18 
15 
12 
09 


22 
16 
11 
10 


36 
37 
42 
43 


32 
38 
41 
44 


46 
27 
03 
06 


20 
34 
48 


01 
7 
35 
08 


21 
24 
30 
31 


05 
04 
50 
47 


28 
51 
25 
19 


23 
29 
33 
07 


02 
49 
45 
26 


VIRT 
PIN 


vol 
Vvo2 
Vv03 
vo04 


Vvo5 
V06 
V07 
V08 


vo9 
v10 
Vv11 
V12 


V13 
V14 
V15 
V16 


V21 
V35 
V22 
V24 


V17 
V19 
V37 


V36 
V18 
Vv20 
V23 


Vv41 
Vv42 
Vv43 
V44 


V45 
V46 
Vv47 
V48 


V34 
V33 
v40 
V25 


V26 
V27 
V28 
Vv29 


V30 
V31 
V32 
V39 
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12AL-O Eight or Four-Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


GTR 

Q@MPA  20,])., [X= 
CD 

23 


NC@MPA mo 


2 
| 2 
2 : \ 26 ZEROS 
NC@MPB ail & 


a ie EVs | suM(O-7) | 
et eal, ca 5? 


ae 


NoTE: /\ UPPER 4 BITS @F LABC ARE UNDEFINED 
WHEN N4BIT IS HI. 


BIAS L@ 
BIAS HI 


NF@RCE 
N@NE 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 
and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 
G3 and G4 and OR modifier V2. 


A translation of 0 activates no modifiers. This causes the A outputs from the complement 
network to equal zero because data is not gated out of the input register. : 


A translation of 1 activates gating modifier G3 which gates the true state of the A input 
register to the output of the complement network. 
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12AL-0 (Contd) 


A translation of 2 activates gating modifier G4 which gates the complement of the A input 
register to the output of the complement network. 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 
ones (LO). 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier Vl in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 


Enable Network 


The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of A(0-6) and B(0-6) along with a 10 or 01 combination in 
bit position A(7) and B(7). The N4BIT input controls the number of bits in the A and B 
operands checked for the enable condition. 


Input pins N4BIT(0,1) are both connected to the same input signal. 


When N4BIT is LO, OR modifier V is inactive and the enable network checks all 8 bits. When 
N4BIT is HI, V is active and forces an enable condition in the top 4 bits. 


ALU 


The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 


The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
The most significant 4 bits of the result are undefined when gating modifier Gl is active. 
Gl is active when N4BIT is HI. 

Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 
outputs, CSUM(0-7) are active HI result outputs. 

Output NGEN is a group generate output and is HI when gating modifier G2 is active and the 
summation of A and B is less than 255 or when Gl is active and the summation of the 
least-significant 4 bits of A and B are less than 15. 


Output ZEROS is LO when the summation of A, B, and C is equal to 0. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AL~1 Eight-Bit Adder with Input and Output Registers. 


LOGIC SYMBOL 


eee ivan 


C@MPB 34 op 273 


NCOMPB 35 oot | | 
co i 
St 


CLCK aap eee sea 


BIAS L@ = NFORCE. N4BIT(O-1) 
BIAS HI = N@NE 


OPERATIONAL DESCRIPTION 


Input Register and Complement Network 


L 26 ZEROS 


[suo- 


CD ese- 7) 


Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the A and B highways and complement controls (COMPA, NCOMPA, COMPB, 


and NCOMPB) into the input registers. 


The outputs from the COMPA and NCOMPA registers are translated to control gating modifiers 


G3 and G4& and OR modifier V2. 


A translation of 0 activates no modifiers. 
network to equal zero because data is not gated out of the input register. 


A translation of 1 activates gating modifier G3 which gates the true state 


register to the output of the complement network. 


A translation of 2 activates gating modifier G4 which gates the complement 


register to the output of the complement network. 


This causes the A outputs from the complement 


of the A input 


of the A input 


A translation of 3 activates OR modifier V2 which forces the A complement network outputs to 


ones (LO). 
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12AL~1 (Cont “d) 


The output from the COMPB and NCOMPB input registers are translated to control gating 
modifiers Gl and G2 and OR modifier V1 in the same manner as COMPA and NCOMPA control G3, 
G4, and V2 respectively. 


Enable Network 

The enable output (NENA) is a group enable and is active (HI) when there is a 00, 10, or Ol 
combination in each bit position of A(0-6) and B(0-6) along with a 10 or O1 combination in 
bit position A(7) and B(7). 

ALU 

The A and B highways enter the ALU where they are each weighted binarily 1-128 and 
designated as operands A and B respectively. The carry input enters the ALU on pins 
CARYN(0,1), is weighted a binary 1, and designated as operand C. 

The ALU produces the summation of A, B, and C and this result is weighted binarily 1-128. 
Clock on pin CLCK and an enable signal on pin CLCKEN are ANDed together to control clock 
modifier C. C clocks the result into the output register. SUM(0-7) are active LO result 


outputs, CSUM(0-7) are active HI result outputs. 


Output NGEN is a group generate output and is HI when the summation of A and B is less than 
255. 


Output ZEROS is LO when the summation of A, B, and C is equal to zero. 


Output ONES is LO when the summation of A, B, and C is equal to 255. 
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12AM-O Eight-Input Mux. 


LOGIC SYMBOL 


BIAS L@ = NONE 
BIAS HI = @SO-1) 


OPERATIONAL DESCRIPTION 


Pins S(0-2) are translated to select one of eight input highways to output highway Z. 
Translations of 0-7 select input highways A-H respectively. 
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12AM-1 Eight-Input Mux to a Register. 


LOGIC SYMBOL 


BIAS L® = OS(I} NFORCE 
BIAS HI = BS, @S() 


OPERATIONAL DESCRIPTION 


Pins S(0-2) are translated to select one of eight input highways to the input of the 
register. Translations of O-/ select input highways A-H respectively. 


Clock on pin CLCK and an enable signal on pin ENA are ANDed to control clock modifier C. 


When C is active it clocks the selected highway into the register. 
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| 12AM-2 Mux/Variable Length Buffer. 


LOGIC SYMBOL 


BIAS L@ = NFORCE 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Input Mux 


Pins S(0-2) are translated to select one of eight input highways to the mux output highway. 
Translations of 0-7 select input highways A-H respectively. 


Buffer Ranks 1 and 2 


Clock on pin CLCK and an enable signal on pin ENA are ANDed to control clock modifier C in 
each of the first two buffer ranks. 


When C is active, it clocks the input mux data into the first buffer rank. The output is 
delayed until clock modifier C becomes inactive 2.5 ns following the LO transition of 
clock. Thus the following clock clocks the data from rank 1 into rank 2. The output of 
rank 2 is also delayed until C becomes inactive. 
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12AM-2 (Cont “d) 


Buffer Rank 3 

Buffer rank 3 is a three-input mux to a register. Pins BS and RS select one of three input 
highways to the input of the register. The enable signal on pin ENA enables the selection. 
Note that translations of 0-3 (ENA HI) activate no gating modifiers and therefore place 

zeros at the input to the register. 

Translations of 4 and 5 select data from the input mux. 

Translations of 6 and 7 select data from buffer ranks 1 and 2 respectively. 

Clock on pin CLCK controls clock modifier C which clocks the selected data into the register. 
The register has two outputs. The top output is not delayed, i.e., its output follows the 


content of the register with no delay. The bottom outputs are delayed until clock modifier 
C becomes inactive. 


Out put Mux 


Pins 0S(0,1) are translated to select one of four highways to output highway Z. 
A translation of 0 selects data from the input mux. 


Translations of 1 and 2 select non-delayed and delayed outputs respectively from buffer rank 
3. 


A translation of 3 selects LOs. 
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12AM-3 Mux/Variable Length Buffer with Parity. 


LOGIC SYMBOL 


ACD 
5CD 
@Necp 
oS —_@N\ rep i 


BIAS L@® = @S(I NFORCE 
BIAS HI = @S0O) 


OPERATIONAL DESCRIPTION 


Input Mux 


Pins S(0-2) are translated to select one of eight input highways to the mux output highway. 
Translations of 0-7 select input highways A-H respectively. 


Buffer Ranks 1 and 2 


Clock on pin CLCK and an enable signal on pin ENA are ANDed to control clock modifier C in 
each of th first two buffer ranks. : 


When C is active it clocks the input mux data into the first buffer rank. The output is 
delayed until clock modifier C becomes inactive 2.5 ns following the LO transition of 
clock. Thus the following clock clocks the data from rank 1 into rank 2. The output of 
rank 2 is also delayed until C becomes inactive. 


60458120 B : l of 2 


12AM-3 (Cont “d) 


Buffer Rank 3 

Buffer rank 3 is a three-input mux to a register. Pins BS and RS select one of three input 
highways to the input of the register. The enable signal on pin ENA enables the selection. 
Note that translations of 0-3 (ENA HI) activate no gating modifiers and therefore place 
zeros at the input to the register. 

Translations of 4 and 5 select data from the input mux. 


Translations of 6 and 7 select data from buffer ranks 1 and 2 respectively. 


Clock on pin CLCK controls clock modifier C which clocks the selected data into the register. 


Parity 


Output PO is LO when an odd number of its five inputs are LO. 
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12AM-4 Eight-Input Mux to Register with Parity. 


LOGIC SYMBOL 


HO-3) > Nrcp 
CLCK O34 


ENA 37 af 


SO) 41 


S1) 28 
S2) 26 A 


BIAS L® 
BIAS HI 


OS(1), NF@RCE 
BS, @S@) 


OPERATIONAL DESCRIPTION 


Mux /Register 


Pins S(0-2) are translated to select one of eight input highways to the mux output highway. 
Translations of O-/ select input highways A-H respectively. 


Clock on pin CLCK and an enable signal on pin ENA are ANDed to control clock modifier C in 
each of the first two buffer ranks. 


Parity 


Output PO is LO when an odd number of its five inputs are LO. 
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60458120 B 


12A0 


REAL | VIRT 
PIN PIN 
BSY2EN 19 
CL1(0) 27 


CL1(1) 28 V10 
CL1(2) 34 vii 


CL1(3) 38 V12 
CLIENA 35 V21 
CLIENB 36 V22 
CL2(0) 41 Vvo5 


CL2(1) 46 V06 
CL2(2) 20 Vvo7 
CL2(3) 17 Vos 
CL2ENA 11 Vv19 


CL2ENB 12 V20 
CLCK(0) 03 V27 
CLCK(1) 02 V28 
MSTRCL 18 V31 


NFORCE(0) 09 V29 
NFORCE(1) 10 V30 
SET(0) 44 vo1 
SET(1) 43 Vvo2 


SET(2) 29 V03 
SET(3) 37 V04 
SETENA 42 V17 
SETENB 33 V18 


TEST(0) 22 V13 
TEST(1) 08 V14 
TEST(2) 26 V15 
TEST(3) 23 V16 


TICKENA 15 
TCKENB 16 
BUSY1 
BUS Y2 01 V36 


FULL 47 V47 
NBSY2A 04 V37 
NBSY2B 05 V38 
NFULL 48 V48 


NQUIET 52 V34 
QUIET 51 V33 
TSTDC1(0) 07 V39 
TSTDC1(1) 06 Vv40 


TSTDC1(2) 49 Vv41 
TSTDC1(3) 50 V42 
TSTDC2(0) 24 V43 
TSTDC2(1) 21 V44 


TSTDC2(2) 
TSTDC2(3) 


l of 1 


12A0-0 Status Flip-Flops. 


LOGIC SYMBOL 


(4) 3 S 
cL2(0-3) |8*>" 
(4) IN 4 { 5 


2 0 O04 NBSY2A 
05 NBSY2B 


iS 


48 NFULL 


CLI(O-3) 


ICL2ENA II 
FCLIENA 35) 


@— 15 
| 

SETENA 42, 

S a 


BIAS L@ = NFORCE(CO-1) 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


The 12A0-0 array contains 16 RS-type flip-flops. Each clock period, control codes may 
selectively set one flip-flop and clear one or two other flip-flops. An output mux selects 
any one of the 16 flip-flops for output. Other functions test the 16 flip-flops for all 
ones and all zeros. 


RS Flip-Flops 


The RS flip-flops are the center function in the symbol. Each of the 16 RS flip-flops has 
an individual set input (top highway) and a reset input (bottom highway). All 16 flip-flops 
clear when reset modifier R in the common control block is active. Clock on pin CLCK(0) 
controls gating modifier Gl which must be active to set, reset, or master clear the 
flip-flops. 
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12A0-0 (Contd) 


A flip-flop sets when its set input is LO and Gl is active. A flip-flop clears when its 
reset input is LO and Gl is active or the master clear input (pin MSTRCL) is LO and Gl is 
active. 


When a flip-flop tries to set and reset at the same time, its output is unknown. 


Set and Clear Selection 


The SET(0-3) inputs are translated to make one of 16 set inputs LO. Gating modifier G3 
gates the selection to the RS flip-flops. G3 is the result of a two-input AND gate in the 
common control block. 


Input highways CL2(0-3) and CL1(0-3) are each translated to make one of 16 reset inputs LO. 
Gating modifiers Gl and G2 gate the CL1 and CL2 selections, respectively, to the RS 
flip-flops. Gl and G2 are each the result of two-input AND gates in the common control 
block. 


Two RS flip-flops reset with the same clock pulse when the CLI1 and CL2 codes are different 
and both selections are gated to the RS flip-flops. 


Output Mux 
Clock on pin CLCK(1) and inputs TCKENA and TCKENB are ANDed to control clock modifier C. C 


clocks the output mux select code [inputs TEST(0-3)] into a register in the common control 
block. The output of the register is translated to select one of 16 inputs, one from each 
RS flip-flop. 

Output pin BUSYI is an ungated active LO output. Gating modifier Gl6 gates the selection 
out of the BUSY2 output (active LO) and the NBSY2A and NBSY2B outputs (active HI). The 
BSY2EN input controls G16. 

Full and Quiet Test 

The FULL output is LO and the NFULL output is HI when all 16 RS flip-flops are set. 


The QUIET output is LO and the NQUIET output is HI when all 16 RS flip-flops are clear. 
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12A0-1 Status Flip-Flops. 


LOGIC SYMBOL 


2 N 
. 25 BUSY! 
CLI S 3) xe Oa NBSY2A 
05 NBSY2B 


SETENA 42x70 
ICLIENA 35x, CLIENA 35q\° 


TEST(O-3) 


BIAS L@ = NF@RCE() SETENB, CLIENB, TCKENA, 
CLCK(1), TCKENB 


BIAS HI = CL2ENA, NF@RCE(!) 


OPERATIONAL DESCRIPTION 


The 12A0-1 array contains 16 RS-type flip-flops. Each clock period, control codes may 
selectively set one flip-flop and clear one other flip-flop. An output mux selects any one 
of the 16 flip-flops for output. 


RS Flip-Flops 


The RS flip-flops are the center function in the symbol. Each of the 16 RS flip-flops has 
an individual set input (top highway) and a reset input (bottom highway). All 16 flip-flops 
clear when reset modifier R in the common control block is active. Clock on pin CLCK(0) 
controls gating modifier Gl which must be active to set, reset, or master clear the 
flip-flops. 


A flip-flop sets when its set input is LO and Gl is active. A flip-flop clears when its 
reset input is LO and Gl is active or the master clear input (pin MSTRCL) is LO and Gl is 


active. 


When a flip-flop tries to set and reset at the same time, its output is unknown. 


Set and Clear Selection 


The SET(0-3) inputs are translated to make one of 16 set inputs LO. Gating modifier G2 
gates the selection to the RS flip-flops. The SETENA input controls G2. 


The CL1(0-3) inputs are translated to make one of 16 reset inputs LO. Gating modifier Gl 
gates the selection to the RS flip-flops. The CLIENA input controls Gl. 
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12A0-1 (Cont “d) 


Output Mux 


The TEST(0-3) inputs are translated to select one of 16 inputs; one from each RS flip-flop. 


Output pin BUSY1 is an ungated active LO output. Gating modifier G16 gates the selection 
out of the BUSY2 output (active LO) and the NBSY2A and NBSY2B outputs (active HI). The 
BSY2EN input controls G16. 
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12A0-2 Status Flip-Flops. 


LOGIC SYMBOL 


(4) \ 
(4) N 


CL1(Q-3) 


iS 


48 NFULL 


N4 15 
SETENA 42, 


CL2ENB 12) 


BIAS L@ = NF@RCE(O) TCKENA, TCKENB, CLCK(1) 
BIAS HI = NF@RCE(!) 


OPERATIONAL DESCRIPTION 


The 12A0-2 array contains 16 RS-type flip-flops. Each clock period, control codes may 
selectively set one flip-flop and clear one or two other flip-flops. An output mux selects 
any one of the 16 flip-flops for output. Other functions test the 16 flip-flops for all 
ones and all zeros. 


RS Flip-Flops 


The RS flip-flops are the center function in the symbol. Each of the 16 RS flip-flops has 
an individual set input (top highway) and a reset input (bottom highway). All 16 flip-flops 
clear when reset modifier R in the common control block is active. Clock on pin CLCK(0) 


controls gating modifier Gl which must be active to set, reset, or master clear the 
flip-flops. 
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12A0—2 (Cont’ d) 


A flip-flop sets when its set input is LO and Gl is active. A flip-flop clears when its 
reset input is LO and Gl is active or the master clear input (pin MSTRCL) is LO and Gl is 
active. 


When a flip-flop tries to set and reset at the same time, its output is unknown. 


Set and Clear Selection 

The SET(0-3) inputs are translated to make one of 16 set inputs LO. Gating modifier G3 
gates the selection to the RS flip-flops. G3 is the result of a two-input AND gate in the 
common control block. 

Input highways CL2(0-3) and CL1(0-3) are each translated to make one of 16 reset inputs LO. 
Gating modifiers Gl and G2 gate the CL1 and CL2 selections, respectively, to the RS 
flip-flops. Gl and G2 are each the result of two-input AND gates in the common control 
block. 


Two RS flip-flops reset with the same clock pulse when the CLI and CL2 codes are different 
and both selections are gated to the RS flip-flops. 


Output Mux 


The TEST(0-3) inputs are translated to select one of 16 inputs; one from each RS flip-flop. 
Output pin BUSY1 is an ungated active LO output. Gating modifier G16 gates the selection 


out of the BUSY2 output (active LO) and the NBSY2A and NBSY2B outputs (active HI). The 
BSY2EN input controls G16. 


Full and Quiet Test 
The FULL output is LO and the NFULL output is HI when all 16 RS flip-flops are set. 


The QUIET output is LO and the NQUIET output is HI when all 16 RS flip-flops are clear. 
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60458120 B 


12AP 


REAL | VIRT 
PIN PIN 


Al 21 
A2 19 V16 
BILD 42 V17 
B2CK 38 


C1LD 44 
C2CK 41 V20 
CLCK 03 V39 
CMPEN1 16 


CMPEN2 05 
CMPEN3 09 V13 
CMPINA(O) 22 vo1 
CMPINA(1) 11 Vv02 


CMPINA(2) 08 Vv03 
CMPINA(3) 06 V04 
CMPINA(4) 20 Vos 
CMPINB(O) 15 V06 


CMPINB(1) 12 Vv07 
CMPINB(2) 10 Vv08 
CMPINB(3) 04 vo9 
CMPINB(4) 18 V10 


D1LD 46 V21 
D2CK 48 V22 
E1CK 47 V24 
E2LEN2 23 V25 


E3LD 45 V26 
F1LD 32 V27 
F2CK 43 V28 
G1CK 36 


G2LD 
H1 25 V32 
H2 27 V33 
H3 


LDEN2 
LDPURG 50 V23 
MSTRCL 07 V37 
NFORCE 


NLDEN1 
$1 
$2 
E3LTCH 


NCMPEQ 
Ww 
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12AP-0 Issue Network. 


LOGIC SYMBOL 


(= 
SSS SSF 
CIR AND 


ISSUE NETWORK 


INPUT RGTR SHORTSTOP 


COMPARE 
O2 _NCMPEO 
PARTIAL CIR LOAD 
CONTROL 


MPEN | , CONFLICT 
Al 21 | DETECT PARTIAL 


AO? ta 
ac is 


Bild. 42 © CMBENT. 


L/ 


i 


7 7 


G 
G) 
(CC CSN Co = 


Va 


IN 
NLDENT S5tTT bee? — 


BIAS L@ = NFORCE BIAS HE. =. Sl, Sea 
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12AP-0 (Contd) 


OPERATIONAL DESCRIPTION 


The 12AP-O0 contains a bit-slice of the Issue Network. The Issue Network holds and examines 
the next instruction and examines processor conditions such as functional unit, register, 
and result pipeline stage busies to determine whether or not there are conflicts with 
instructions already in process which will delay the issue of this next instruction. 


The Current Instruction Register (CIR), in the Issue Network, holds the next instruction 
until there are no conflicts and the instruction issues, or the CIR is purged or master 
cleared. 


The Issue Network Input Register, in the Issue Network, samples the processor conditions 
each clock period. 


Parts of these two registers are interspersed down the left side of the symbol. Clock 
modifier Cl clocks data into the CIR. Clock modifier C2 clocks data into the Issue Network 
Input register. 


Other parts of the Issue Network are the Shortstop Compare ALU (top center of the symbol), 
two status flip-flops (FFl and FF2 in the lower center of the symbol), the Conflict Detect 
network (right center of the symbol), and the Partial CIR Load Control (upper right). 


Current Instruction Register (CIR) 


Normally the CIR holds valid control words (instructions) until there are no conflicts with 
instructions already in process. When there are no conflicts, the instruction issues and 
the CIR can load another control word. When the CIR does not contain a valid control word 
its control clocks it each clock period until a valid control word enters the CIR. When a 
valid control word enters the CIR, control stops the CIR clock and again waits for an issue. 


Issue is one of three ways of starting the CIR clock while the CIR contains a valid control 
word. The other two are Purge CIR and Master Clear CCN. 


The Purge CIR operation starts the CIR clock and blocks the CIR inputs thus clearing the 
register. The CIR control continues to clock the CIR until a valid control word enters the 


register. 


The Master Clear CCN operation clears the CIR and again, the CIR control will start clocking 
the CIR each clock period until a valid control word enters the register. 

CIR Control 

The CIR is controlled by the Control Word Valid signal on input pin NLDEN1 (input to the 


bottom register function in the symbol), the Purge CIR signal on pin LDPURG, the Master 
Clear CCN signal on pin MSTRCL, the Issue signal on pin LDEN2, and clock on pin CLCK. 


60458120 B 2 of 4 


12AP-0 (Contd) 


CIR Operation 


There are three conditions which activate the CIR clock modifier Cl: CIR Valid signal is 
HI, Issue signal on input pin LDEN2 is LO, and the Purge CIR signal on input pin LDPURG is 
LO. This description assumes that each condition is active separately. 


The HI state of the CIR Valid signal indicates that the CIR does not contain a valid control 
word. This signal is ORed with the Purge CIR and Issue signals and ANDed with clock. Thus 
as long as CIR Valid is HI, clock modifier Cl is active each time clock goes LO. When a 
valid control word is at the input to the CIR, the Control Word Valid signal on pin NLDEN1 
is LO and the next active Cl sets the CIR Valid bit and clocks a valid control word into the 
CIR. The CIR Valid signals go LO and CM no longer enables Cl clocks. 


The Issue signal on input pin LDEN2 can go LO only when the CIR contains a valid control 
word and there are no conflicts. When this signal is LO it activates the OR function in the 
common control block and is ANDed with clock. Thus when clock goes LO, Cl is active 
clocking new inputs into the CIR. The CIR Valid signal indicates whether or not the new CIR 
content is a valid control word. 


When the Purge CIR signal is LO (input pin LDPURG) the OR function in the common control 
block is active and gating modifier Gl is inactive. Gl inactive blocks the inputs to most 
of the CIR. Thus when clock goes LO, Cl active will clear those CIR bits disabled by the 
inactive Gl. Note that the top 4 CIR bits (inputs CMPINA (0-3)) do not have the Gl gate at 
the input to the CTYR. Therefore Cl active always loads the signals from CMPINA (0-3) into 
the register. Since the input to the CIR Valid bit (input NLDEN1) is gated by Gl, the CIR 
Valid bit clears indicating that the CIR does not contain a valid control word. 


Issue Network Input Register 


Clock modifier C2 is active each time clock goes LO. The Issue Network Input Register 
therefore samples the processor conditions each clock period. 


Shortstop Compare ALU 


The Shortstop Compare ALU compares operand A X-Register type and number from the CIR with 
the X Register type and number of the Integer Unit (IGU) result at Result Pipeline (RPL) 
stage 3. The Compare determines whether or not a shortstop operation will resolve a 
conflict sooner than waiting for the conflicting instruction to complete. 


Five bits each from the CIR and Issue Network Input Register enter the ALU where they are 
each weighted binarily 1 through 16 and designated as operands A and B respectively. 


The ALU compares the A and B operands for equality and gating modifier G2 gates the active 
HI result out of the ALU to pin NCMPEQ and also to the top AND gate in the Conflict Detect 


Network. 


The AND gate in the common control block of the ALU activates gating modifier G2 when all 
three inputs to the AND are LO. 
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12AP-0 (Cont~“d) 


All three input signals are shortstop enables. Two come from the CIR and the third comes 
from the Issue Network Input Register. 


Status Flip-Flops 


The status flip-flops, FFl and FF2, are RS flip-flops with logic on the inputs to each which 
makes the set inputs override the reset inputs. When the OR function fed by the set input 
is active, it blocks the AND function fed by the reset input. 
The equation for making set modifier S active for each flip-flop is: 

Set input LO AND Issue input LO AND clock 
The equation for making reset modifier R active for each flip-flop is: 

Clear input LO AND (Set input HI OR Issue input HI) AND clock. 
The flip-flops also have a common reset modifier in the common control block which is 
activated by the Master Clear CCN signal on pin MSTRCL ANDed with clock. 
Conflict Detect 
The Conflict Detect network is a set of gates which tests the content of the CIR, Issue 
Network Input Register, Shortstop Compare, Status flip-flops and individual input pins. 
When any gate is active, indicating a conflict, the active HI output disables the Partial 


Issue AND gate. 


When the CIR Valid signal is HI, indicating that the content of the CIR is not valid, it 
disables the Partial Issue AND gate. 


Outputs Yl and Y2 are both LO when there are no conflicts and the CIR contains a valid 
control word. 


Partial CIR Load Control 


Outputs Z1-3 control the loading of those portions of the CIR not contained in the 12AP 
arrays. 


Inputs H1-3 connect to Partial Issue outputs from other 12AP arrays. 


Outputs Z1-3 are LO when the CIR Valid signal is HI OR inputs H1-3 are all LO AND there are 
no conflicts AND the CIR Valid signal is LO. 
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12AP-1 Issue Network. 


LOGIC SYMBOL 


ISSUE NETWORK 
INPUT RGTR 
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SHORTSTOP 
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12AP-1 (Cont “d) 


OPERATIONAL DESCRIPTION 


The 12AP-1 contains a bit-slice of the Issue Network. The Issue Network holds and examines 
the next instruction and examines processor conditions such as functional unit, register, 
and result pipeline stage busies to determine whether or not there are conflicts with 
instructions already in process which will delay the issue of this next instruction. 


The Current Instruction Register (CIR), in the Issue Network, holds the next instruction 
until there are no conflicts and the instruction issues, or the CIR is purged or master 
cleared. 


The Issue Network Input Register, in the Issue Network, samples the processor conditions 
each clock period. 


Parts of these two registers are interspersed down the left side of the symbol. Clock 
modifier Cl clocks data into the CIR. Clock modifier C2 clocks data into the Issue Network 
Input register. 


Other parts of the Issue Network are the Shortstop Compare ALU (top center of the symbol), 
two status flip-flops (FFl and FF2 in the lower center of the symbol), the Conflict Detect 
network (right center of the symbol), and the Partial CIR Load Control (upper right). 


Current Instruction Register (CIR) 


Normally the CIR holds valid control words (instructions) until there are no conflicts with 
instructions already in process. When there are no conflicts, the instruction issues and 
the CIR can load another control word. When the CIR does not contain a valid control word 
its control clocks it each clock period until a valid control word enters the CIR. When a 
valid control word enters the CIR, control stops the CIR clock and again waits for an issue. 


Issue is one of three ways of starting the CIR clock while the CIR contains a valid control 
word. The other two are Purge CIR and Master Clear CCN. 


The Purge CIR operation starts the CIR clock and blocks the CIR inputs thus clearing the 
register. The CIR control continues to clock the CIR until a valid control word enters the 
register. 

The Master Clear CCN operation clears the CIR and again, the CIR control will start clocking 
the CIR each clock period until a valid control word enters the register. 

CIR Control 

The CIR is controlled by the Control Word Valid signal on input pin NLDEN1 (input to the 


bottom register function in the symbol), the Purge CIR signal on pin LDPURG, the Master 
Clear CCN signal on pin MSTRCL, the Issue signal on pin LDEN2, and clock on pin CLCK. 
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12AP-1 (Cont “d) 


CIR Operation 


There are three conditions which activate the CIR clock modifier Cl: CIR Valid signal is 
HI, Issue signal on input pin LDEN2 is LO, and the Purge CIR signal on input pin LDPURG is 
LO. This description assumes that each condition is active separately. 


The HI state of the CIR Valid signal indicates that the CIR does not contain a valid control 
word. This signal is ORed with the Purge CIR and Issue signals and ANDed with clock. Thus 
as long as CIR Valid is HI, clock modifier Cl is active each time clock goes LO. When a 
valid control word is at the input to the CIR, the Control Word Valid signal on pin NLDEN1] 
is LO and the next active Cl sets the CIR Valid bit and clocks a valid control word into the 
CIR. The CIR Valid signals go LO and CM no longer enables Cl clocks. 


The Issue signal on input pin LDEN2 can go LO only when the CIR contains a valid control 
word and there are no conflicts. When this signal is LO it activates the OR function in the 
common control block and is ANDed with clock. Thus when clock goes LO, Cl is active 
clocking new inputs into the CIR. The CIR Valid signal indicates whether or not the new CIR 
content is a valid control word. 


When the Purge CIR signal is LO (input pin LDPURG) the OR function in the common control 
block is active and gating modifier Gl is inactive. Gl inactive blocks the inputs to most 
of the CIR. Thus when clock goes LO, Cl active will clear those CIR bits disabled by the 
inactive Gl. Note that the top 4 CIR bits (inputs CMPINA (0-3)) do not have the Gl gate at 
the input to the CTYR. Therefore Cl active always loads the signals from CMPINA (0-3) into 
the register. Since the input to the CIR Valid bit (input NLDEN1) is gated by Gl, the CIR 
Valid bit clears indicating that the CIR does not contain a valid control word. 


Issue Network Input Register 


Clock modifier C2 is active each time clock goes LO. The Issue Network Input Register 
therefore samples the processor conditions each clock period. 


Shortstop Compare ALU 


The Shortstop Compare ALU compares X-Register type and number from the CIR with the X 
Register type and number of results at specific points in the Result Pipeline (RPL). The 
result X Register type and number come from RPL stage 3 for Integer Unit results and RPL 
stage 4 for FloatingPoint results. The Compare determines whether or not a shortstop 
operation will resolve a conflict sooner than waiting for the conflicting instruction to 
complete. 


Five bits each from the CIR and Issue Network Input Register enter the ALU where they are 
each weighted binarily 1 through 16 and designated as operands A and B respectively. 
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12AP-1 (Contd) 


The ALU compares the A and B operands for equality and gating modifier G2 gates the active 
HI result out of the ALU to pin NCMPEQ and also to the top AND gate in the Conflict Detect 
Network. 


The AND gate in the common control block of the ALU activates gating modifier G2 when all 
three inputs to the AND are LO. 


All three input signals are shortstop enables. Two come from the CIR and the third comes 
from the Issue Network Input Register. 


Status Flip-Flops 


The status flip-flops, FF1l and FF2, are RS flip-flops with logic on the inputs to each which 
makes the set inputs override the reset inputs. When the OR function fed by the set input 
is active, it blocks the AND function fed by the reset input. 
The equation for making set modifier S active for each flip-flop is: 

Set input LO AND Issue input LO AND clock. 
The equation for making reset modifier R active for each flip-flop is: 

Clear input LO AND (Set input HI OR Issue input HI) AND clock. 
The flip-flops also have a common reset modifier in the common control block which is 
activated by the Master Clear CCN signal on pin MSTRCL ANDed with clock. 
Conflict Detect 
The Conflict Detect network is a set of gates which tests the content of the CIR, Issue 
Network Input Register, Shortstop Compare, Status flip-flops and individual input pins. 
When any gate is active, indicating a conflict, the active HI output disables the Partial 


Issue AND gate. 


When the CIR Valid signal is HI, indicating that the content of the CIR is not valid, it 
disables the Partial Issue AND gate. 


Outputs Yl and Y2 are both LO when there are no conflicts and the CIR contains a valid 
control word. 
Partial CIR Load Control 


Outputs Z1-3 control the loading of those portions of the CIR not contained in the 12AP 
arrays. 


Inputs H1-3 connect to Partial Issue outputs from other 12AP arrays. 


Outputs Z1-3 are LO when the CIR Valid signal is HI OR inputs H1-3 are all LO AND there are 
no conflicts AND the CIR Valid signal is LO. 
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12AP—2 (Contd) 


OPERATIONAL DESCRIPTION 


The 12AP-2 contains a bit-slice of the Issue Network. The Issue Network holds and examines 
the next instruction and examines processor conditions such as functional unit, register, 
and result pipeline stage busies to determine whether or not there are conflicts with 
instructions already in process which will delay the issue of this next instruction. 


The Current Instruction Register (CIR), in the Issue Network, holds the next instruction 
until there are no conflicts and the instruction issues, or the CIR is purged or master 
cleared. 


The Issue Network Input Register, in the Issue Network, samples the processor conditions 
each clock period. 


Parts of these two registers are interspersed down the left side of the symbol. Clock 
modifier Cl clocks data into the CIR. Clock modifier C2 clocks data into the Issue Network 
Input register. 


Other parts of the Issue Network are the Shortstop Compare ALU (top center of the symbol), 
two status flip-flops (FF1 and FF2 in the lower center of the symbol), and the Conflict 
Detect network (right center of the symbol). 


Current Instruction Register (CIR) 


Normally the CIR holds valid control words (instructions) until there are no conflicts with 
instructions already in process. When there are no conflicts, the instruction issues and 
the CIR can load another control word. When the CIR does not contain a valid control word 
its control clocks it each clock period until a valid control word enters the CIR. When a 
valid control word enters the CIR, control stops the CIR clock and again waits for an issue. 


Issue is one of three ways of starting the CIR clock while the CIR contains a valid control 
word. The other two are Purge CIR and Master Clear CCN. 


The Purge CIR operation starts the CIR clock and blocks the CIR inputs thus clearing the 
register. The CIR control continues to clock the CIR until a valid control word enters the 
register. 

The Master Clear CCN operation clears the CIR and again, the CIR control will start clocking 
the CIR each clock period until a valid control word enters the register. 

CIR Control 

The CIR is controlled by the Control Word Valid signal on input pin NLDEN1 (input to the 


bottom register function in the symbol), the Purge CIR signal on pin LDPURG, the Master 
Clear CCN signal on pin MSTRCL, the Issue signal on pin LDEN2, and clock on pin CLCK. 
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CIR Operation 


There are three conditions which activate the CIR clock modifier Cl: CIR Valid signal is 
HI, Issue signal on input pin LDEN2 is LO, and the Purge CIR signal on input pin LDPURG is 
LO. This description assumes that each condition is active separately. 


The HI state of the CIR Valid signal indicates that the CIR does not contain a valid control 
word. This signal is ORed with the Purge CIR and Issue signals and ANDed with clock. Thus 
as long as CIR Valid is HI, clock modifier Cl is active each time clock goes LO. When a 
valid control word is at the input to the CIR, the Control Word Valid signal on pin NLDEN1 
is LO and the next active Cl sets the CIR Valid bit and clocks a valid control word into the 
CIR. The CIR Valid signal goes LO and CM no longer enables Cl clocks. 


The Issue signal on input pin LDEN2 can go LO only when the CIR contains a valid control 
word and there are no conflicts. When this signal is LO it activates the OR function in the 
common control block and is ANDed with clock. Thus when clock goes LO, Cl is active 
clocking new inputs into the CIR. The CIR Valid signal indicates whether or not the new CIR 
content is a valid control word. 


When the Purge CIR signal is LO (input pin LDPURG) the OR function in the common control 
block is active and gating modifier Gl is inactive. Gl inactive blocks the inputs to most 
of the CIR. Thus when clock goes LO, Cl active will clear those CIR bits disabled by the 
inactive Gl. Note that the top 4 CIR bits (inputs CMPINA (0-3)) do not have the Gl gate at 
the input to the CTYR. Therefore Cl active always loads the signals from CMPINA (0-3) into 
the register. Since the input to the CIR Valid bit (input NLDEN1) is gated by Gl, the CIR 
Valid bit clears indicating that the CIR does not contain a valid control word. 


Issue Network Input Register 


Clock modifier C2 is active each time clock goes LO. The Issue Network Input Register 
therefore samples the processor conditions each clock period. 


Shortstop Compare ALU 


The Shortstop Compare ALU compares the result X-Register type and number from the CIR with 
the X Register type and number of the Integer Unit (IGU) result at Result Pipeline (RPL) 
stage 3. An equal comparison inhibits the X Register busy flip-flops, for the IGU result at 
RPL stage 3, from clearing if the control word in CIR issues. 


Five bits each from the CIR and Issue Network Input Register enter the ALU where they are 
each weighted binarily 1 through 16 and designated as operands A and B respectively. 


The ALU compares the A and B operands for equality and gating modifier G2 gates the active 
HI result out of the ALU to pin NCMPEQ and also to the top AND gate in the Conflict Detect 
Network. 


The AND gate in the common control block of the ALU activates gating modifier G2 when all 
three inputs to the AND are LO. 
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All three input signals are shortstop enables. Two come from the CIR and the third comes 
from the Issue Network Input Register. 


Status Flip-Flops 


The status flip-flops, FFl and FF2, are RS flip-flops with logic on the inputs to each which 
makes the set inputs override the reset inputs. When the OR function fed by the set input 
is active, it blocks the AND function fed by the reset input. 
The equation for making set modifier S active for each flip-flop is: 

Set input LO AND Issue input LO AND clock. 
The equation for making reset modifier R active for each flip-flop is: 

Clear input LO AND (Set input HI OR Issue input HI) AND clock. 
The flip-flops also have a common reset modifier in the common control block which is 
activated by the Master Clear CCN signal on pin MSTRCL ANDed with clock. 
Conflict Detect 
The Conflict Detect network is a set of gates which tests the content of the CIR, Issue 
Network Input Register, Shortstop Compare, Status flip-flops and individual input pins. 
When any gate is active, indicating a conflict, the active HI output disables the Partial 


Issue AND gate. 


Outputs Yl and Y2 are both LO when there are no conflicts and the CIR contains a valid 
control word. 


Outputs Z1-3 are LO when inputs H1-3 are all LO AND there are no conflicts. 
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OPERATIONAL DESCRIPTION 


The 12AP-3 contains a bit-slice of the Issue Network. The Issue Network holds and examines 
the next instruction and examines processor conditions such as functional unit, register, 
and result pipeline stage busies to determine whether or not there are conflicts with 
instructions already in process which will delay the issue of this next instruction. 


The Current Instruction Register (CIR), in the Issue Network, holds the next instruction 
until there are no conflicts and the instruction issues, or the CIR is purged or master 
cleared. 


The Issue Network Input Register, in the Issue Network, samples the processor conditions 
each clock period. 


Parts of these two registers are interspersed down the left side of the symbol. Clock 
modifier Cl clocks data into the CIR. Clock modifier C2 clocks data into the Issue Network 
Input register. 


Other parts of the Issue Network are the Shortstop Compare ALU (top center of the symbol), 
two status flip-flops (FF1 and FF2 in the lower center of the symbol), and the Conflict 
Detect network (right center of the symbol). 


Current Instruction Register (CIR) 


Normally the CIR holds valid control words (instructions) until there are no conflicts with 
instructions already in process. When there are no conflicts, the instruction issues and 
the CIR can load another control word. When the CIR does not contain a valid control word 
its control clocks it each clock period until a valid control word enters the CIR. When a 
valid control word enters the CIR, control stops the CIR clock and again waits for an issue. 


Issue is one of three ways of starting the CIR clock while the CIR contains a valid control 
word. The other two are Purge CIR and Master Clear CCN. 


The Purge CIR operation starts the CIR clock and blocks the CIR inputs thus clearing the 
register. The CIR control continues to clock the CIR until a valid control word enters the 
register. 

The Master Clear CCN operation clears the CIR and again, the CIR control will start clocking 
the CIR each clock period until a valid control word enters the register. 

CIR Control 

The CIR is controlled by the Control Word Valid signal on input pin NLDEN1 (input to the 


bottom register function in the symbol), the Purge CIR signal on pin LDPURG, the Master 
Clear CCN signal on pin MSTRCL, the Issue signal on pin LDEN2, and clock on pin CLCK. 
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CIR Operation 


There are three conditions which activate the CIR clock modifier Cl, CIR Valid Signal is HI, 
Issue signal on input pin LDEN2 is LO, and the Purge CIR signal on input pin LDPURG is LO. 
This description assumes that each condition is active separately. 


The HI state of the CIR Valid signal indicates that the CIR does not contain a valid control 
word. This signal is ORed with the Purge CIR and Issue signals and ANDed with clock. Thus 
as long as CIR Valid is HI, clock modifier Cl is active each time clock goes LO. When a 
valid control word is at the input to the CIR, the Control Word Valid signal on pin NLDEN1 
is LO and the next active Cl sets the CIR Valid bit and clocks a valid control word into the 
CIR. The CIR Valid signal goes LO and CM no longer enables Cl clocks. 


The Issue signal on input pin LDEN2 can go LO only when the CIR contains a valid control 
word and there are no conflicts. When this signal is LO it activates the OR function in the 
common control block and is ANDed with clock. Thus when clock goes LO, Cl is active 
clocking new inputs into the CIR. The CIR Valid signal indicates whether or not the new CIR 
content is a valid control word. 


When the Purge CIR signal is LO (input pin LDPURG) the OR function in the common control 
block is active and gating modifier Gl is inactive. Gl inactive blocks the inputs to most 
of the CIR. Thus when clock goes LO, Cl active will clear those CIR bits disabled by the 
inactive Gl. Note that the top 4 CIR bits (inputs CMPINA (0-3)) do not have the Gl gate at 
the input to the CTYR. Therefore Cl active always loads the signals from CMPINA (0-3) into 
the register. Since the input to the CIR Valid bit (input NLDEN1) is gated by Gl, the CIR 
Valid bit clears indicating that the CIR does not contain a valid control word. 


Issue Network Input Register 


Clock modifier C2 is active each time clock goes LO. The Issue Network Input Register 
therefore samples the processor conditions each clock period. 


Shortstop Compare ALU 


The Shortstop Compare ALU compares the result X-Register type and number from the CIR with 
the X Register type and number of the Floating Point Unit result at Result Pipeline (RPL) 
stage 4. An equal comparison inhibits the X Register Busy flip-flop, for the Floating Point 
Unit result at RPL stage 4, from clearing if the control word in CIR issues. 


Five bits each from the CIR and Issue Network Input Register enter the ALU where they are 
each weighted binarily 1 through 16 and designated as operands A and B respectively. 
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The ALU compares the A and B operands for equality and gating modifier G2 gates the active 
HI result out of the ALU to pin NCMPEQ and also to the top AND gate in the Conflict Detect 
Network. 


The AND gate in the common control block of the ALU activates gating modifier G2 when all 
three inputs to the AND are LO. 


All three input signals are shortstop enables. Two come from the CIR and the third comes 
from the Issue Network Input Register. 


Status Flip-Flops 


The status flip-flops, FFl and FF2, are RS flip-flops with logic on the inputs to each which 
makes the set inputs override the reset inputs. When the OR function fed by the set input 
is active, it blocks the AND function fed by the reset input. 
The equation for making set modifier S active for each flip-flop is: 

Set input LO AND Issue input LO AND clock. 
The equation for making reset modifier R active for each flip-flop is: 

Clear input LO AND (Set input HI OR Issue input HI) AND clock. 
The flip-flops also have a common reset modifier in the common control block which is 
activated by the Master Clear CCN signal on pin MSTRCL ANDed with clock. 
Conflict Detect 
The Conflict Detect network is a set of gates which tests the content of the CIR, Issue 
Network Input Register, Shortstop Compare, Status flip-flops and individual input pins. 
When any gate is active, indicating a conflict, the active HI output disables the Partial 


Issue AND gate. 


Outputs Yl and Y2 are both LO when there are no conflicts and the CIR contains a valid 
control word. 


Outputs Z1-3 are LO when inputs HI-3 are all LO AND there are no conflicts. 
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12AR-0 Registers. 
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OPERATIONAL DESCRIPTION 


The data portion of the 12AR-0 array contains six 4-bit registers. Three 4-bit input 
highways supply data to the registers. Input highway A connects to all six registers. 

Input highway B connects to the top five registers and input highway C connects only to the 
bottom register. Control entering the common control block may select each input highway to 
a separate register each clock. When the controls for two highways select the same 
register, the data from the two highways is ORed into the register. 


This description numbers the registers top-to-bottom 0, 1, 2, 2°, 3 and 3°. Note that 
registers 0 and 1 each have their own 4-bit output highways (RO and Rl). The outputs from 
registers 2 and 2 are multiplexed to one 4-bit output highway (R2). Output NR2(3) is an 
active HI copy of bit 3 of the mux. The outputs from registers 3 and 3 are also 
multiplexed to one 4-bit output highway (R3). Output NR3(3) is an active HI copy of bit 3 
from that mux. ; 


Clock modifier C2 clocks input highway C data into register 3°. Clock modifiers C3 - C7 
control the destination registers for input highway B. C8 - C13 control the destination 
registers for input highway A. 


Gating modifiers G4 and G5 select registers 2 or 2 and 3 or 3° through the output muxes. 


Input Highway A Control 


Input pins AC(0-2), ENA, ESA, FSEL, and CLCK control the destination register for input 
highway A. 


Pins AC(O) and AC(1) are translated to select one of four registers. A translation of 0 
selects register 0. A translation of 1 selects register 1. A translation of 2 selects 
registers 2 and 2. A translation of 3 selects registers 3 and 3 . 


The register select translations each connect to an OR function where gating modifiers Gll, 
Gl, G8, and G9 further modify the selection. For example, in order to activate clock 
modifier C8 and clock the A input data into register 0, the AC(0,1) translation must be 0, 
AND Gll AND Gl AND G8 must all be active. 


Gll is the enable for each of the four translations and is controlled by the AND of input 
pins ENA and AC(2). 


Gl is active during the clock’s transition to LO on input pin CLCK. 


G8 and G9 select between two groups of registers. G8 selects registers 0, 1, 2, and 3, G9 
selects registers 2 and 3. Input pins FSEL and ESA control G8 and G9. Pin FSEL 
controls the inversion of the select input pin ESA. When FSEL is HI, G2 is active and the 
LO state of pin ESA makes G9 active and G8 inactive. When FSEL is LO, G3 is active. G3 
inverts the control of ESA by selecting the active HI state to control G8 and G9. 


Input Highway B Control 


Input pins BC(0-2), ENB, ESB, FSEL, and CLCK control the destination register for input 
highway B. 
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Pins BC(O) and BC(1) are translated to select one of four registers. Translations of 0-3 
select registers 0-3 respectively. The selection of register 2° is explained later. 


The register select translations each connect to an OR function where gating modifiers G10, 
Gl, and G6 further modify the selections. For example, in order to activate clock modifier 
C3 which clocks the B input data into register 0, the BC(0,1) translation must be O AND G10 
AND Gl AND G6 must all be active. 


G10 is the enable for each of the translations and is controlled by the AND of input pins 
ENB and BC(2). 


Gl is active during the clock’s transition to LO on input pin CLCK. 

The OR function connected to input pin ESB selects either register 2° (clock modifier C5 
active) or registers 0-3 (G6 active). Pin ESB is the primary control and pin FSEL controls 
the inversion of the signal on pin ESB. When FSEL is HI, G2 is active and the LO state of 
pin ESB activates the OR function. When FSEL is LO, G3 is active and the HI state of pin 
ESB activates the OR function. 


C5 is active and clocks B input data into registers 2” when the OR function connected to 
ESB is active and G10 AND Gl are both active. 


G6 is active when the OR function connected to ESB is inactive. 


Input Highway C Control 


Clock modifier C2 is active and clocks the C input data into register 3° when ENC is LO 
AND clock on pin CLCK goes LO. 


Output Mux Control 
Input pin RSOSEL, FSEL, and CLCK control the ouptut mux. 


Pin RSOSEL is the select input and pin FSEL controls the inversion of that input. When FSEL 
is HI G2 gates RSOSEL in active LO. When FSEL is LO, G3 gates RSOSEL in active HI. 


The selected state of RSOSEL connects to a l-bit register which is clocked each time clock 
on pin CLCK goes LO. When the register is set, G4 is active and selects registers 2” and 
3 through the muxes to the outputs. When the register is clear, G5 is active and gates 
registers 2 and 3 through the muxes to the outputs. 


Master Clear 


The master clear signal enters pin MC. When MC is LO and clock goes LO (Gl active), reset 
modifier R is active and clears all registers. 
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OPERATIONAL DESCRIPTION 


The 12AS-0 contains four separately-controlled 16-to-1 muxes. The same 16-bit 
input highway (DI(0-15)) connects to each of the four muxes. 


Sixteen gating modifiers in each mux gate one of the 16 bits through each mux. For 
example, gating modifiers GO, G100, G200 and G300 gate input pin DI(0) through 
their respective muxes and gating modifiers Gl, G101, G201, and G301 gate input pin 
DI(1). 


Each time clock on input pin CLCK goes LO, clock modifier Cl becomes active. Cl 
loads new 4-bit select codes for each mux and control signals ATRZ and BTRZ into 
registers in the common control block. 


The output of each select code register is translated to activate one of 16 gating 
modifiers. 


The top two muxes each have one output. The third and fourth muxes output four and 
five copies, respectively, of their selected bits. 


The outputs of the third and fourth muxes are gated by G19 and G18, respectively. 
The purpose of these gating modifiers is to force zeros on the mux outputs when 
they are inactive. 


G19 is inactive when the register connected to ARTZ is set AND the BS(0-3) register 
outputs translate to 15 (G215 active) AND input pin TSLEN is HI (G16 active), OR 
the BS(0~-3) register outputs translate to 0 (G200 active) AND input pin TSLEN is LO 
(G17 active). 


G18 is controlled by input pins BTRZ and TSLEN and the O and 15 translations from 
the register for the DS(0-3) select inputs. G18 operates in the same manner as G19. 
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OPERATIONAL DESCRIPTION 


The 12AS-1 contains four separately~-controlled 16-to-1 muxes. The same 16-bit 
input highway (DI(0-15)) connects to each of the four muxes. 


Sixteen gating modifiers in each mux gate one of the 16 bits through each mux. For 
example, gating modifiers GO, G100, G200 and G300 gate input pin DI(0) through 
their respective muxes and gating modifiers Gl, G101, G201, and G301 gate input pin 
DI(1). 


Each select code is translated to activate one of 16 gating modifiers. 


The top two muxes each have one output. The third and fourth muxes output four and 
five copies, respectively, of their selected bits. 
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OPERATIONAL DESCRIPTION 


The 12AS-2 is a 16-to-l mux. Gating modifiers GO-G15 gate one of 16 input bits 
(DI(0-15) respectively) through the mux. 


The DS(0-3) inputs are translated to activate one of the 16 gating modifiers. 


The selected bit connects to five output pins. 
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12CA-O Adder/Boolean Network (ANSI Symbol). 


LOGIC SYMBOL 
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OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 
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OPERATIONAL DESCRIPTION 


Parity Check 

The parity check circuit (output DARROR) performs an odd parity check on the two input 
operands. When NEXT60 and NEXT18 inputs are both LO (no sign extension), Gl will gate the 
odd parity check result into an OR function with input pin EXEROR. Output pin DARROR will 
be LO when input pin EXEROR is LO or when there is odd parity on either input operand and 
there is no sign extension. 


Parity Predictor 


The asterisk (*) in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The Parity Predictor receives the parity bits from the two input operands (APAR and BPAR) 
and internal inputs from the ALU to determine what the parity of the result will be. 
Normally the Parity Predictor does not generate parity; it only adjusts it. Bad parity 
(odd) on one of the two input operands will result in odd parity on the output of the Parity 
Predictor. 


The Parity Predictor works slightly differently when the ALN is in 1 of its 2 sign extension 
modes. When SUM bit 6 is extended (NEXT18=HI and NEXT60=LO), the parity predictor generates 
parity. In addition to extending SUM bit 6, the ALU is performing a logical OR function, 
and the Parity Predictor output is undefined. When SUM bit 4 is extended (NEXT18=LO and 
NEXT60=HI), the Parity Predictor assumes that B operand bits 0-3 contain even parity. 


A Inputs 

The 8-bit A highway enters the ALU, is weighted binarily 1-128, and designated as the A 
operand. It also feeds the parity check network (output DARROR) and the enable network 
(output NENA). 


B Inputs 

The 8-bit B highway enters the ALU, is weighted binarily 1-128, and designated as the B 
operand. It also feeds the parity check network (output DARROR) and the enable network 
(output NENA). 


Carry Input 
The carry input enters the ALU on the CARYN pin, is weighted as a binary 1, and designated 


as the C operand. 


ALU Function 

The CODE (0-1) inputs control the ALU function. A translation of 3 causes an exclusive OR 
of the A and B operands; a translation of 2 causes an AND operation; a translation of l 
produces a summation of A, B, and the complement of C; and a translation of 0 produces a 
logical OR of the A and B operands. For all ALU functions, the operands are aligned 
according to their binary weights. 


The 8-bit result of the ALU function is weighted binarily 1-128 and then it is subjected to 


modifications by G(gating) and V(OR) modifiers on the way to the SUM (0-7) outputs. When G3 
is inactive, result bits 0-3 are blocked and become zeros. 
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When G5 is inactive, result bits 0-5 are blocked and become zeros. When V1 is active, 
result bits 0-3 are forced to ones; when V2 is active, result bits 0-5 are forced to ones; 
when V modifiers are inactive they do not modify the result. The sign extension section 
describes the control of G3, G5, Vl, and V2. 


Sign Extension 
The NEXT60 and NEXT18 inputs, and SUM bits 4 and 6 control sign extension in the ALU. 


NEXT60 and NEXT18 inputs LO(translation of 0) causes normal operation with no sign 
extension. G5 and G3 will both be active and Vl, V2, G4, and G6 will be inactive because 
the translations of 1 and 2 are inactive. This allows the result to pass unaltered out of 
the ALU and the proper equation to control the generate output (NGEN). Refer to the 
Generate Output description. 


NEXT60 LO and NEXT18 HI (translation of 1) causes sign extension of the upper 6 bits of the 
ALU. A translation of 1 makes G5 inactive and G6 active. G5 inactive blocks the upper 6 
bits of the ALU output and allows V2 to control the upper 6 bits. V2 is controlled by a 
translation of 1 and G2. G2 is controlled by SUM bit 6. Therefore V2 will follow SUM bit 
6. When SUM bit 6 is LO, V2 is active and forces the upper six bits of the SUM output LO. 
When SUM bit 6 is HI, V2 is inactive and has no effect on the upper 6 zeros which were 
caused by an inactive G5. Thus for a translation of 1, SUM bit 6 is extended to SUM bits 
0-5. G6 active gates the proper equation to control the generate output (NGEN). Refer to 
the Generate Output description. 


NEXT60 HI and NEXT18 LO (translation of 2) sign extends SUM bit 4 to SUM bits 0-3. SUM bit 
4 and a translation of 2 control Gl, G4, G3, and Vl in the same manner as the extension of 
Sum bit 6 except it acts on the upper 4 bits instead of the upper 6 bits. (Refer to the 
previous paragraph for an explanation). 


NEXT60 HI and NEXT18 HI (translation of 3) causes undefined results. 


Enable Output 
The enable output (NENA) is a group enable and will be active (HI) when there is a 00, 10, 


or 01, combination in each bit position of the A and B operands. NEXT60 and NEXT18 (sign 
extension control) control the number of bits in the A and B operand which are checked for 
the enable condition. 


For a translation of 0, both V1 and V2 are inactive and have no effect on the B operand as 
it enters the OR functions. Note that both A and B operands enter active HI because the OR 


functions are checking for zeros. 


A translation of 1 makes V1 active and this forces the B operand in the upper two OR 
functions active, enabling the upper 6 bit positions. 


A translation of 2 makes V2 active and this forces the B operand in the upper OR function 
active, enabling the upper 4 bit positions. 


A translation of 3 causes undefined results. 


Generate Output 
The generate output (NGEN) is controlled by equations and gating modifiers G3-6. NEXT60 and 


NEXT18 control G3-6. Refer to the Sign Extension description. 
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When there is no sign extension (G3 and G5 both active), the NGEN output will be active (HI) 
when the summation of A and B are less than 255. 


When the upper 4 bits of the result are being extended (G4 active), the NGEN output will be 
active when the summation of the lower 4 bits of A (binary weights of 8 thru 1) and the 
lower 4 bits of B are less than 15. 


When the upper 6 bits of the result are being extended (G6 active), the NGEN output will be 
active when the summation of. the lower 2 bits (binary weights of 2 and 1) and the lower 2 
bits of B are less than 3. 


Sum Outputs 
Refer to the ALU Function Section for a description of the SUM (0-7) outputs. 


NSUM and NSGN18 outputs are active HI copies of SUM (0,6) respectively. 


ALZERO Output 
ALZERO will be active (LO) when the result of the ALU function is equal to zero. 


CARROR Output 
CARROR is the result of an exclusive OR between CARRY and the AND of NFCAR and CRYTST. The 


exclusive OR result is gated out by Gl. The AND gate enables Gl for non-extended summation 
operations only. ECAROR must also be LO. 
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12CA-1 AND gate. 


LOGIC SYMBOL 


COMPATIBLE WITH ANY BIAS 


OPERATIONAL DESCRIPTION 


(None required.) 
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12CA-2 Exclusive OR. 


LOGIC SYMBOL 


BIAS L@ = C@DE(-1) NEXT18, NEXT6O 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 
SUM(0-7) outputs are the result of A(0-7) exclusive OR B(0-7) 


The GPAR Output is the result of APAR exclusive OR BPAR. 
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12CB-O Four-Input Multiplexer. 


LOGIC SYMBOL 


BIAS L@ 
BIAS HI 


CLCKEN, CLCK 
S(2) LATCH 


u Ty 


OPERATIONAL DESCRIPTION 


Pins S(O) and S(1) select one of four input highways to output highway Z. 
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12CB-1 Four~Input Multiplexer to a Register. 


LOGIC SYMBOL 


BIAS L@ = LATCH 
BIAS HI = S(2) 


OPERATIONAL DESCRIPTION 


Pins S(O) and S(1) select one of four input highways. Pins CLCK and CLCKEN are ANDed to 
latch the selected data in the register. 
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12CB-2 Three-Input Multiplexer with Parity Checking or Parity Generation. 


LOGIC SYMBOL 


NOTE: T@ USE AS A PARITY CHECK NETWORK PINS D(O-2) ARE THE 
PARITY BITS FOR THE A, B, AND C TRUNKS RESPECTIVELY. 
T@ USE AS A PARITY GENERATOR CONNECT PINS D(O-2) 
T@ BIAS HI. 

BIAS L@ = CLCKEN, CLCK 

BIAS HI = S(2), LATCH 


OPERATIONAL DESCRIPTION 


Input Select Control 


Pins S(0) and S(1) select one of three input highways and one of three individual input pins 
through a pair of muxes when the select code equals 0, 1, or 2. The outputs of the muxes 
are undefined when the select code equals 3. 


Parity Check 
When the 12CB-2 is used for parity checking, input pins D(0), D(1), and D(2) receive the 


parity bits for input highways A, B, and C respectively. The =1 and 2K+tl functions work 
together to perform an odd parity check. The 2K+l performs an odd parity check on the 
selected data and the result is exclusive ORed with the selected parity bit. Pin D(7) gates 
the result to output pin P. Output pin P will be LO when pin D(7) is LO and there is odd 
parity. 


Parity Generate 
When the 12CB-2 is used for parity generation, input pins D(0), D(1), and D(2) are all 


biased HI. The =1 and 2K+l functions work together to generate the parity bit for even 
parity. The 2K+l performs an odd parity check on the selected data and the result is 
exclusive ORed with the HI from the upper mux. Pin D(7) gates the result to output pin P. 
Output pin P is the new parity bit for the selected data. 
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12CB-3. Three-Input Multiplexer to a Register with Parity Checking or Parity Generation on 
the Output of the Register. 


LOGIC SYMBOL 


NOTE: T@ USE AS A PARITY CHECK NETWORK PINS D(O-2) ARE THE 
PARITY BITS FOR THE A, B, AND C TRUNKS RESPECTIVELY. 
T@ USE AS A PARITY GENERAT@R CONNECT PINS D(O-2) 
T@ BIAS HI. 


BIAS L@ = LATCH 
BIAS HI = S(2) 


OPERATIONAL DESCRIPTION 


Input Register Control 
Pins S(0) and S(1) select one of three input highways and one of three individual input pins 


to a pair of registers. Pins CLCK and CLCKEN are ANDed to latch the selected data in the 
registers. The outputs of the registers are undefined when the output of the control 
translator equals 7. 


Parity Check 
When the 12CB-3 is used for parity checking, input pins D(0), D(1), and D(2) receive the 


parity bits for input highways A, B, and C respectively. The =l and 2K+l functions work 
together to perform an odd parity check. The 2K+l performs an odd parity check on the 
selected data and the result is exclusive ORed with the selected parity bit. Pin D(7) gates 
the result to output P. Output P will be LO when pin D(7) is LO and there is odd parity. 


Parity Generate 
When the 12CB-3 is used for parity generation, input pins D(0), D(1), and D(2) are all 


biased HI. The =l and 2K+l functions work together to generate the parity bit for even 
parity. The 2K+l performs an odd parity check on the contents of the lower register and the 
result is exclusive ORed with the HI from the upper register. Pin D(7) gates the result to 
output pin P. Output pin P is the new parity bit for the data in the lower register. 
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12CB-4 Three-Input Multiplexer with Parity Generation or Parity Checking and Extension of 
HI“s or LO”s when Input Highway C is Selected. 


LOGIC SYMBOL 


NOTE: TO USE AS A PARITY CHECK NETWORK PINS D(O-2) ARE THE 
PARITY BITS FOR THE A, B, AND C TRUNKS RESPECTIVELY. 
T@ USE AS A PARITY GENERAT@R CONNECT PINS D(O-2) 
_ . T®@ BIAS HI. 
BIAS L@ = CLCKEN, CLCK 
BIAS HI = LATCH, D(2), C(O-7) 
OPERATIONAL DESCRIPTION 


Input Select and Extension Control 


Pins S(O) and S(1) select one of three input highways and one of three individual input pins 
through a pair of muxes when the select code equals 0, 1, or 2. The outputs of the muxes 
are undefined when the select code equals 5 


With a select code of 2, pin S(2) controls the extension of HIs or LOs to output highway Z. 
A select code of 2 causes the selection of input highway C (biased HI) into the lower mux, 
selects input pin D(2) (biased HI) into the upper mux, and gates input pin S(2) to modifier 
Neve 


If pin S(2) is HI during a select code of 2, V will be inactive. With V inactive, output 
highway Z contains the selected biased HI data. 


If pin S(2) is LO during a select code of 2, V will be active forcing output highway Z LO. 
The parity generating or parity checking functions are not affected by the V modifier. 


Biasing pin D(2) HI insures correct parity (generating or checking) for the extension of 
LO”’s or HI’s. 
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Parity check 
When the 12CB-4 is used for parity checking, inputs D(0) and D(1) receive the parity bits 


for input highways A and B respectively. Pin D(2) is biased HI and is the parity bit for 
input highway C which is also biased HI. The =1 and 2K+l functions work together to perform 
an odd parity check. The 2K+l performs an odd parity check on the selected data and the 
result is EXCLUSIVE ORed with the selected parity bit. Pin D(7) gates the results to output 
pin P. Output pin P will be LO when pin D(7) is LO and there is odd parity. 


Parity Generate 
When the 12CB-4 is used for parity generation, input pins D(0), D(1), and D(2) are all 


biased HI. The =1 and 2K+l functions work together to generate the parity bit for even 
parity. The 2K+l performs an odd parity check on the selected data and the result is 
exclusive ORed with the HI from the upper mux. Pin D(7) gates the result to output pin P. 
Output pin P is the new parity bit for the selected data. 
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12CB-5 AND Gates. 


LOGIC SYMBOL 


2CB 


AQ) 34 


iZ 
V 
i 
ice} 
N 


OO 


BIAS L 
BIAS H 


S(1), D7) 
TCH, CLCKEN, S(O), S(2), C(7) 


Hed 
- 
Qe 


; ok 


28 OZ (4) 


VA 


| 26 Z(6) 


Ge = ZA7 


= 


(0101) 5/00 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (0101) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(O), S(1), C(7), and D(7) respectively. 
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12CB-6 AND Gates. 


LOGIC SYMBOL 


(2CB 
AO) 34, A6) 18 

Oy 35 L49 200) ES EN L 04 2(5) 
0) 32 C6). 25x 


(©) 48, 
36 \ 
() 33 
(1) 3p 
1) . 
2) oT 
(2) 38n 
(2) 44 
(2) 46n 
A(3) 42 
3) 41 
G3) 45 
@) 43 


= 
nad 
o>) 
Va 


N 


12CB 


Db 


6) 214 
6) 24K 
6G) 19, 


(6) 22 
7) lan 
(7) ma 


DIP 


AS) 42 
IN 


(4) 20x 


BIAS L@ = S(1), C(7) 
BIAS HI = LATCH, CLCKEN, S(O), S(2), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (0110) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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LOGIC SYMBOL 


AG) 20x 
BG) 15. 
28 Z(4) 
D6) 16, 


BIAS L@ = S(1), C(7), (7) 
aEe 


BIAS HI ATCH, CLCKEN, S(O), S(2) 
OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 


The (0111) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-8 AND, OR Combinations. 


LOGIC SYMBOL 


of 
20 NS & IN w 


Stat 


(1000) 8/03} 


pes pee 
Ee) 
=| 
Oo} 
Zw 


26 Z) 


DPPQo|x 
DAQIQ/O 
—f—]po]—| 
— [PPO] oO] 4 
(7 7 7 {7 [7 {7 

17 


(1000) 8/03) 


4 
eee t 
_ 


BIAS L®@ = S(O) 
BIAS HI = LATCH, CLCKEN, S(1,2) C(7), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1000) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-9 AND, OR Combinations. 


LOGIC SYMBOL 
I2CB 


Daa} 


AGB) 42 


SG) ai L04 Z(65) 

CG) 45N 

D@) 43K 

cia) 27, 

Eames i, re 
BG) ISN | Gata 
C6) 25K 28 2(4) 

DG) 16N 

tent 

BIAS L@ = S(O) D(7) 

BIAS HI = LATCH, CLCKEN, S(1,2) C(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1001) in the bottom of each box is for designer reference. It denotes the biased 
states of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-9 (Cont “d) 


LOGIC SYMBOL 


Bl) 33 
C(I) 3! 


(0) 34, 

BO) 351 

CO) 32.) Pp 7 

DO) 48) N earl 
Al) Sok ; N po2 


Oo 
a) 
b 
o 


(0) 

DI) 47x 
Ate) 37h 
Bie) 38 

q sa50 2 (3) 
AG) 42 xh 
(3) 414 
@) 45 . 


(3) 43, 
A(4) 204) 
(4) ITN 
4) 27a 
(4) 23, 
A®) I8A 
BO) 154 
6) 25 
6) I6n 
(A) 214 
(6) 24x 
(6) 19 
(G) 22, 
A(T) 12. 
7) lin 


AGS) 42 x 
A(4) 20 
JO(4)_ 23 
AG) IBN 
BG) ISN 
CO) 25 
DG) led 
AG) 21 
AT) 12 J 
Bir) lid 


BIAS L@ = S(O} D(7) 
BIAS HI = LATCH, CLCKEN, S(I,2} C(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1001) in the bottom of the box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-10 AND, OR Combinations 


LOGIC SYMBOL 


(O) 35 
(0) 32 
(©) 48 
Atl) 36 
(1) 335A 
(1) 31 
(1) 47 
an 
(2) 38 
(2) 44, 
(2) 46 
AG) 42 
3) 41 
3) 45 
3) 43 


Ofol wl p 
i) 

OW 

VAAVAR 


plololw 
s 
Van 7 


fs ake 
Oval 
ee 
eA rs 


(2) 38 
C@) 44 
DO) 46 
AG) 42 
BS) 41 
CG) 45 


30 


Va 


iS 


O 


i? 


OO 


BIAS L® = S(O) C(7) 
BIAS HI = LATCH, CLCKEN, S(1,2), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1010) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-10 (Cont “d) 


LOGIC SYMBOL 


S(O), C(7) 


BIAS L® = 
I = LATCH, CLCKEN, S(1,2), D(7) 


BIAS H 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1010) in the bottom of the box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-11 AND, OR Combinations. 


LOGIC SYMBOL 


12CB |[2CB 


|2CB 


os 
Pn 


BIAS L@ = S(O), C(7), D(7) 
BIAS HI = LATCH, CLCKEN, S(I,2) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1011) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 


60458120 B 1 of 2 


12CB-11 (Cont “d) 


LOGIC SYMBOL 


CO) 32 
DO) 48 
Al) 36K) 50-46) 
BU) 33n 
Cl) Stn 


AQ) 34x 
BiO) a 


NoR50_Z(3) 
N° [29 Z@) 


IN 


rel 28 2(4) 
| oN 


26 26) 


BIAS L@ = S(O) C(7), D(7) 
BIAS HI = LATCH, CLCKEN, S(i,2) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1011) in the bottom of the box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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LOGIC SYMBOL 


(1100) 12/02 


BIAS L® = S(O,1) 
BIAS HI = LATCH, CLCKEN, S(2), C(7), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1100) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-13 AND, OR Combinations. 


LOGIC SYMBOL 


(0) 34 
0) 35N 
0) 32 
(Oo) 48 
36y 
33K 
(SN 
(iy ate 


b 


49 201) 


~~ 


IN 
BO) SSN 
CO) 32 
©) 48N 
JAW) 36N 
BU) SSN 
CO IEN 
DU) 47 


(0000) 13 


TeCe 


26 26) 


Glen 
By) 


(rece) 
A(4) 20 


mn 04 25) 
(4) 27 

(4) 23 
AG) 18 E 


(0000) 13 


7 


Sar 
—~S 
Vin Vien Vi V2 


188] 


6) 15N 
5) 25 
DG) 16x 


V4 


(0000) 13 


BIAS L@ = NONE 
BIAS HI = LATCH, CLCKEN, S(O-2), C(7), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (0000) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-14 Four-Input Multiplexer. 


LOGIC SYMBOL 


BIAS L@ = CLCKEN 
BIAS HI = S@), LATCH 


OPERATIONAL DESCRIPTION 


Pins S(O) and S(1) select one of four input highways to output highway Z. Pin CLCK is used 
as a select enable. 
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12CB-15 AND Gates. 


LOGIC SYMBOL 


EN 


S) 


BIAS L@ = S(1), C(7), D(7), A), BO), C(O), D(O), 
ACI), BUI), CU), D1), A(4), B(4) (4), D(4) 
BIAS HI = S(O), S(2), LATCH, CLCKEN 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 


The (0111) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CB-16 AND, OR Combinations. 


LOGIC SYMBOL 


~ 
oO 
oo 


150 2(3) 


ph 


BIAS L@ = S(O), C(7) 
BIAS HI = A-7), LATCH, CLCKEN, S(1,2), D(7) 


OPERATIONAL DESCRIPTION 


Output pin Z(1) is the OR of all four AND gates. Output pin Z(3) is the OR of the lower two 
AND gates. 


The (1010) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7). 
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12CB-17 AND, OR Combination. 


LOGIC SYMBOL 


Bt4) 171 N 
C4) 2TITN 
D(4) 23 J 


S(O), D7) 


BIAS LQ = 
I = LATCH, CLCKEN, S(I,2) 


BIAS H 


OPERATIONAL DESCRIPTION 


(None required.) 
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60458120 B 


DATIN(O) 
DATIN(1) 
DATIN(2) 
DATIN(3) 


DATIN(4) 
DATIN(5) 
DATIN(6) 
DATIN(7) 


FAULT 
FCODE(0) 
FCODE(1) 
MUX(0) 


MUX(1) 
PARIN 
SCNTA(0) 
SCNTA(1) 


SCNTA(2) 
SCNTB(O) 
SCNTB(1) 
SCNTB(2) 


SCNTC(O) 
SCNTC(1) 


SCNTC(2) 
SDATIN(1) 


SDATIN(2) 
SDATIN(3) 
SDATIN(4) 
SDATIN(5) 


SDATIN(6) 
SDATIN(7) 
SIGN 


DATOT(0) 


DATOT(1) 
DATOT(2) 
DATOT(3) 
DATOT(4) 


DATOT(5) 
DATOT(6) 
DATOT(7) 
NDATOT(0) 29 


NDATOT(1) 50 
NDATOT(2) 48 
NDATOT(3) 47 
NDATOT(4) 31 


NDATOT(5) 51 
NDATOT(6) 03 
NDATOT(7) 07 
PAROT 28 
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12Cc-0 Shift Network with Selectable Shift Counts, Sign Extension, and Parity Prediction. 


LOGIC SYMBOL 


NZ 
FC@DE(1) CON | 
09 


NDAT@T(0-7) 
8) 


Q)—N 
SCNTBO-2) aN 


SCNTCO-2) 


MUX(O- 1), FAULT 


BIAS NONE 


OPERATIONAL DESCRIPTION 
The 12CC-O consists of five major functional elements, the Shift Data Mux (upper left), the 


Shift Control Mux (lower left), the Parity Predictor, the Shift Network (lower center), and 
the Output Mux (lower right). 


Parity Predictor 
The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for the DATIN (0-7) data highway enters on pin PARIN. The Parity 
Predictor receives this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 


The parity bit output, PAROT, is forced HI when the FAULT input is LO. 
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Shift Data Mux 

The FCODE (0,1) inputs select the data sent to the most-significant 7 bits of the shift 
network. Since the shift network performs a right (or down) shift, these most-significant 
bits represent the fill bits which fill in above as the main data byte, DATIN (0-7) is 
shifted down by the shift network. 


A translation of 0 selects zeros (HIs), 1 selects ones (LOs), 2 selects the SIGN input (for 
sign extensions), and 3 selects the SDATIN (1-7) inputs. The SDATIN (1-7) inputs receive 
the next 7 bits of higher significance than those received by the DATIN (0-7) inputs. 


Shift Control Mux 
The MUX (0,1) inputs select one of three sets of shift control inputs for the shift network. 


A translation of 0 selects SCNTB (0-2), 1 selects SCNTC (0-2), and 2 or 3 selects SCNTA 
(0-2). 


Shift Network 

Two groups of data bits enter the shift network. The 8 least-significant bits come from 
input pins DATIN (0-7) and the most-significant 7 bits (fill bits) come from the shift data 
mux. The shift network performs a right (down) end-off shift of 0 to 7-bit positions 
controlled by the shift count which comes from the Shift Control Mux. 


If the shift count, selected by the shift control mux, is 0 there is no shift. The least- 
significant eight input bits go straight to the outputs. A shift count of 1 shifts the 15 
inputs down l-bit position. Thus the least-significant bit, entering DATIN (7), shifts 
end-off, and the least-significant fill-bit shifts in to the top bit position of the eight 
outputs. Shifts of 2 thru 7, operate in the same manner. 


Output Mux 
FAULT and MUX (0,1) inputs control the selection of sign extension, shifted data, or zeroes 


in the Output Mux. 


A translation of 5 or less will select shifted data, 6 will select zeroes, and 7 will select 
sign (extended to all eight bit positions). 


NDATOT (0-7) are active HI copies of the DATOT (0-7) active LO outputs. 
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12CC-1 Shift Network with Selectable Shift Counts, Sign Extension, and Parity Prediction. 


LOGIC SYMBOL 


X>Y 
MUX) 21 No 28 
Mx) 18 Nt 


BIAS L@® = NONE © 
BIAS HI = FAULT 
OPERATIONAL DESCRIPTION 


The 12CC-1 consists of 4 major functional elements, the Shift Data Mux (upper left), the 
Shift Control Mux (lower left), the Parity Predictor, and the Shift Network (lower right). 


Parity Predictor 


The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for the DATIN (0-7) data highway enters on pin PARIN. The Parity 
Predictor receives this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 
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Shift Data Mux 

The FCODE (0,1) inputs select the data sent to the most-significant 7 bits of the shift 
network. Since the shift network performs a right (or down) shift, these most-significant 
bits represent the fill bits which fill in above as the main data byte, DATIN (0-7) is 
shifted down by the shift network. 


A translation of 0 selects zeros (HIs), 1 selects ones (LOs), 2 selects the SIGN input (for 
sign extension), and 3 selects the SDATIN (1-7) inputs. The SDATIN (1-7) inputs receive the 
next 7 bits of higher significance than those received by the DATIN (0-7) inputs. 


Shift Control Mux 
The MUX (0,1) inputs select one of three sets of shift control inputs for the shift network. 


A translation of 0 selects SCNTB (0-2), 1 selects SCNTC (0-2), and 2 or 3 selects SCNTA 
(0-2). 


Shift Network 

Two groups of data bits enter the shift network. The 8 least-significant bits come from . 
input pins DATIN (0-7) and the most-significant 7 bits (fill bits) come from the shift data 
mux. The shift network performs a right (down) end-off shift of 0 to 7-bit positions 
controlled by the shift count which comes from the Shift Control Mux. 


If the shift count, selected by the shift control mux is 0, there is no shift. The 
least-significant 8 input bits go straight to the outputs. A shift count of 1 shifts the 15 
inputs down l-bit position. Thus the least-significant bit entering DATIN (7), shifts 
end-off, and the least-significant fill-bit shifts in to the top bit position of the eight 
outputs. Shifts of 2 thru 7 operate in the same manner. 


NDATOT (0-7) are active HI copies of the DATOT (0-7) active LO outputs. 
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12cc-2 Shift Network. 


LOGIC SYMBOL 


1-7) 
N 


O—") 1 | patotw-7) 
DATIN(O-7) (8) 
(8) N 
(8) 


SCNTA(O-2) 
(3) N 


BIAS L@ = MUX(O-1), FC@DEO- 1) 
BIAS HI = FAULT 


OPERATIONAL DESCRIPTION 


Two groups of data bits enter the shift network. The 8 least-significant bits come from 
input pins DATIN (0-7) and the most-significant 7 bits (fill bits) come from SDATIN (1-7). 
The shift network performs a right (down) shift end-off of 0 to 7-bit positions controlled 
by the shift count on pins SCNTA (0-2). 


If the shift count is 0, there is no shift. The least-significant 8 input bits go straight 
to the outputs. A shift count of 1 shifts the 15 inputs down l-bit position. Thus the 
least-significant bit entering DATIN (7) shifts end-off and the least-significant fill-bit 
shifts in to the top bit position of the eight outputs. Shifts of 2 thru 7 operate in the 
Same manner. 


NDATOT (0-7) are active copies of the DATOT (0-7) active LO outputs. 
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12CD-O Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


WITH PARITY (8) - N 


49 
TOGGLE /\ 38,850 BGTRL 
AK SI BEQR 
w 
g®.n2h 47 BEORL 


Z\ EACH DATA TRUNK CONTAINS 


8 DATA BITS AND | PARITY 
BIT. DURING CQUNT OPERA- 
TIONS THE PARITY BIT 
Pud 46 TOGGLES WHEN AN @DD NUM- 
iS 
BER @F DATA BITS TQ@GGLE. 
/\ BUTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZER@ 
PM2 41 IS L@. 


/A\ BUTPUT UNDEFINED WHEN 
MORE THAN @NE CQUNT IS 
ACTIVE AT ANYONE TIME. 


25 
1 "9 
1,9 


—-ONnN oO 


BIAS L@ = 
BIAS HI = DUAL 
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OPERATIONAL DESCRIPTION 
The 12CD-O contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-8 control the carry output (COUT). 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 
parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output highway 
Z(0-7). During count operations, the parity bit will toggle when an odd number of data bits 
toggle. The counter has a modulus of 256; i.e., O through 255. The counter is also 
circular; i.e., one count beyond 255 is 0 and one count less than O is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count operation (G10 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G9 
will be active when a counter operation is initiated (G10 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (Gl active). 


PM801U, PM4, PM2, and PMIL enter OR functions which control the amount of the count (8, 4, 
2, or 1) and the carry output. The description will describe a count of 4. The other 
counts operate in the same manner. 


Count Operation 

The count will change by 4 when PM4 is LO and PM801U, PM2, and PMIL are HI. PM4 active 
makes the OR function for a count of 4 active. The active OR function and G2 (decrement) 
will make G6 active. G6 is used in the common output block to activate the carry output 
(COUT) when the count in the counter is less than 4. When Gl (increment) is active, G5 will 
be active. G5 is used in the common output block to activate the carry output (COUT) when 
the count in the counter is greater than 251. 


In addition to controlling the direction of the count, Gl and G2 control the carry output 
independently from the count amount controls. When the counter contains 255 and Gl is 
active or when the counter contains 0 and G2 is active, COUT will be active. 

When G9 becomes active (count initiated (G10) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G9 decrement the counter by 4. Gl AND G9 increment the 
counter by 4. 


The parity bit will toggle when an odd number of data bits toggle. 
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Compare Network 


The compare network has two 8-bit highwayed inputs. The upper highway is the data output 
from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(O-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-1 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


“o 6 


IS 
eee 


256 CNTR A 
WITH PARITY N 


49 
T@GGLE /\\ ge >,SK50_BGTRL 
| hsSt  BEOR 
| 47 BEQRL 

| 


7Z\ EACH DATA TRUNK C@NTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING COUNT @PERA- 
TIONS THE PARITY BIT 
T@GGLES WHEN AN @DD NUM- 
BER @F DATA BITS TQGGLE. 


/\ @UTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LQ. 


BIAS L@® = NTST 
BIAS HI = DUAL, PM2, PM4, PM8@1U 


OPERATIONAL DESCRIPTION 


The 12CD-1 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into 3 areas from top to bottom. The common output block (above 
the double line) monitors the count in the counter. The count and gating modifiers G1l,2 
control the carry output (COUT). 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 
parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output highway 
Z(O-7). During count operations, the parity bit will toggle when an odd number of data bits 
toggle. The counter has a modulus of 256; i.e., 0 through 255. The counter is also 
circular; i.e., one count beyond 255 is 0 and one count less than 0 is 255. 
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The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count operation (G4 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G3 
will be active when a counter operation is initiated (G4 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (Gl active). 


PML enters the OR function which controls the amount of the count. 


Count Operation 

In addition to controlling the direction of the count, Gl and G2 are used in the common 
output block to gate the proper equation for control of COUT. When Gl (increment) is 
active, and the counter contains a count of 255, COUNT will be active (LO). When G2 is 
active (decrement), and the counter contains a count of 0, COUT will be active. 


With PMI1L active and when G3 becomes active (count initiated (G4) and chip enabled), Gl and 
G2 control the direction of the count. G2 AND G3 decrement the counter by 1. Gl AND G3 
increment the counter by l. 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-2 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


WITH PARITY 8) e 49 
TOGGLE /\ 8, ,8[,50 BGTRL 
| 
geahS! _BEQR 


8,847 GEOR, 


/\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING COUNT @PERA- 
TIONS THE PARITY BIT 
T@GGLES WHEN AN @DD NUM- 
BER @F DATA BITS TOGGLE. 


/\ QUTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LQ. 


BIAS L@ = NTST 
BIAS HI = DUAL, PMIL, PM4, PM8QIU 


OPERATIONAL DESCRIPTION 
The 12CD-2 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 


The counter is in the middle and has two data input highways A(0-7) and B(O-7) and their 


parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output 
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highway Z(0-7). During count operations, the parity bit will toggle when an odd number of 
data bits toggle. The counter has a modulus of 256; i.e., O through 255. The counter is 
also circular; i.e., one count beyond 255 is 0 and one count less than O is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(0O-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enable. They must all be LO to enable a count operation. G5 
will be active when a counter operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (G1 active). 


PM2 enters the OR function which controls the amount of the count. 


Count Operation 
The count will change by 2 when PM2 is LO. PM2 active makes the OR function for a count of 


2 active. The active OR function and G2 (decrement) will make G4 active. G4 is used in the 
common output block to activate the carry output (COUT) when the count in the counter is 
less than 2. When Gl (increment) is active, G3 will be active. G3 is used in the common 
output block to activate the carry output (COUT) when the count in the counter is greater 
than 253. 


In addition to controlling the direction of the count, Gl and G2 control the carry output 
independently from the count amount control. When the counter contains 255 and Gl is active 
or when the counter contains 0 and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 2. Gl AND G5 increment the 
counter by 2. 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-3 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


WITH PARITY 


(8) A ag 
TOGGLE /\ 28,,8K50_BGTRL 
N Tee) |,_/h51 BEOR 
EN COT 
SELO) (A) 8 p®.,8h47 BEORL 


SEL(I) ‘(15 n | 


CINA 36, 
CINB EX 
CINC I2n 
CIND 28, 


/\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING C@UNT @PERA- 
TIONS THE PARITY BIT 
T@GGLES WHEN AN @DD NUM- 
BER OF DATA BITS T@GGLE. 


ZX QUTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LQ. 


BIAS L@ = NTST 
BIAS HI = DUAL, PM2, PM8@1U, PMIL 


OPERATIONAL DESCRIPTION 

The 12CD-3 contains two major functional elements, a counter and a compare network. 
Counter 

The counter symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 

The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their. 


parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output 
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highway Z(0-7). During count operations, the parity bit will toggle when an odd number of 
data bits toggle. The counter has a modulus of 256; i.e., 0 through 255. The counter is 
also circular; i.e., one count beyond 255 is O and one count less than 0 is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enable. They must all be LO to enable a count operation. G5 
will be active when a counter operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (G1 active). 


PM4 enters the OR function which controls the amount of the count. 


Count Operation 


The count will have an amount of 4 when PM4 is LO. PM4 active makes the OR function for a 
count of 4 active. The active OR function and G2 (decrement) will make G4 active. G4 is 
used in the common output block to activate the carry output (COUT) when the count in the 
counter is less than 4. When Gl (increment) is active, G3 will be active. G3 is used in 
the common output block to activate the carry output (COUT) when the count in the counter is 
greater than 253. 


In addition to controlling the direction of the count, Gl and G2 control the carry output 
independently from the count amount control. When the counter contains 255 and Gl is active 
or when the counter contains O and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 4. Gl AND G5 increment the 
counter by 4. 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-4 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


A 
WITH PARITY © Q 
TOGGLE /\ 8, 8,50 8GTRL 
151 BEQR 
| 
SELIO) 30, (A) 8_,8,47_ BEORL 


PMBQIU 52n Z\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING COUNT @PERA- 
DECR 23 TIONS THE PARITY BIT 
= T@GGLES WHEN AN @DD NUM-~ 
BER @F DATA BITS TOGGLE. | 


/\ @UTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LO, 


BIAS L 
BIAS H 


Hod 
4% 
Oo 


UAL, PMIL, PM2, PM4 


OPERATIONAL DESCRIPTION 
The 12CD-4 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 


parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output 
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highway Z2(0-7). During count operations, the parity bit will toggle when an odd number of 
data bits toggle. The counter has a modulus of 256; i.e., O through 255. The counter is 
also circular; i.e., one count beyond 255 is O and one count less than O is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enable. They must all be LO to enable a count operation. G5 
will be active when a counter operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (Gl active). 


PM801U enters an OR function which controls the amount of the count. 


Count Operation 
The count will have an amount of 8 when PM801U is LO. PM801U active makes the OR function 


for a count of 8 active. The active OR function and G2 (decrement) will make G4 active. G4 
is used in the common output block to activate the carry output (COUT) when the count in the 
counter is less than 8. When Gl (increment) is active, G3 will be active. G3 is used in 
the common output block to activate the carry output (COUT) when the count in the counter is 
greater than 247, 


In addition to controlling the direction of the count, Gl and G2 control the carry output 
independently from the count amount control. When the counter contains 255 and Gl is active 
or when the counter contains 0 and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 8. Gl AND G5 increment the 
counter by 8. 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least~significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-5 Dual 4-Bit Counters with Parity Toggle. 


LOGIC SYMBOL 


LS 
EN 07 at 
SELON. 30" 8 Z\ EACH DATA TRUNK CQNTAINS 8 DATA 


SELU) 15 BITS AND | PARITY BIT. THE DATA 
I BITS FROM EACH TRUNK SEPARATE, 


32 4 BITS T@ EACH C@UNTER. THE 
SELECTED PARITY BIT STILL RE- 
PRESENTS THE PARITY F@R ALL 8 
SELECTED DATA BITS. DURING CQUNT 
QPERATIONS THE PARITY BIT TOGGLES 
WHEN AN @DD NUMBER @F THE 8 
DATA BITS TOGGLE. 


ZA Q“UTPUTS BGTR AND BGTRL ARE 
UNDEFINED WHEN CZERQ@ IS LQ. 


BIAS L@ 
BIAS HI 


DUAL, CINA, CINB, CINC, CIND, NTST 
PM2, PM4 


OPERATIONAL DESCRIPTION 
The 12CD-5 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into 4 areas from top to bottom. The top area is a parity bit 
register with two inputs, PARA and PARB. When the counter is loaded, Cl or C2 clock in the 
selected parity bit which represents the parity for the selected 8-bit data byte. Internal 
control (not shown) causes the parity bit to toggle when an odd number of bits in the 8-bit 
byte toggle. PARZ is the parity bit output. 
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12CD-5 (Contd) 


The next two areas below the parity bit register are each 4-bit counters. Each counter has 
two 4-bit highwayed inputs (A and B) and one 4-bit highwayed output (Z). Each counter can 
increment or decrement by 1 under the control of the Z inputs which are interconnections to 
the common control block. Each counter has a modulus of 16 (0-15) and counts in a circular 
manner; i.e., one count beyond 15 is 0, one count less than O is 15. 


The bottom area is the common control block which contains the control for both counters. 


SEL(0,1), EN, and CLCK control the major functions of the counters. A translation of 4 
clears both counters and the parity bit register, 5 clocks in A data to each counter and the 
parity bit for A, 6 clocks in B data to each counter and the parity bit for B, and 7 
initiates a count operation (G3 active). 


DECR controls the direction of the count for both counters. When DECR is LO, the counter 
decrements (G2 active). When DECR is HI, the counter increments (Gl active). 


PM801U enters an OR function which controls the upper 4-bit counter. PMIL enters an OR 
function which controls the lower 4-bit counters. Both counters may be active (counting) 
simultaneously. 


Count Operation 
PM801U, G3 (count initiated) and G2 (decrement) all active will make Z4 active. 24 connects 


to the upper counter and decrements it by l. 


PM801U, G3, and Gl (increment) all active will make Z3 active. 2Z3 connects to the upper 
counter and increments it by l. 


PMIL and G1-3 control the lower counter in the same manner as PM801U and G1-3 control the 
upper counter. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when the 4 most-significant bits of B are greater than the 4 most~-significant 
bits of A. BGTRL will be active when the 4 least-significant bits of B are greater than the 
4 least-significant bits of A. BEQR will be active when the 4 most-significant bits of B 
are equal to the 4 most-significant bits of A. BEQRL will be active when the 4 
least-significant bits of B are equal to the 4 least-significant bits of A. 
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12CD-6 Eight-Bit Counter (+2 or +4) with Parity Toggle and Comparator. 


LOGIC SYMBOL 


eae x 
@GGL 
A\ os 


/Z\ EACH DATA TRUNK CONTAINS 8 DATA BITS AND | PARITY 
BIT. DURING COUNT @PERATIGNS THE PARITY BIT TOGGLES 
WHEN AN @DD NUMBER @F DATA BITS TOGGLE. 


/\ THE CARRY GUT @F THIS ARRAY (CQUT) WILL BE INCORRECT 
WHEN THE F@LL@WING C@NDITI@NS EXIST: 
(RGTR CONTENTS = 252 OR 253) © + 2 ACTIVE 


ZX UTPUTS BGTR AND BGTRL ARE UNDEFINED WHEN CZER@ 
Ss Ed, 


BIAS L@ = PM4, CINA, CINB, CINC, CIND, NTST 
BIAS HI = DECR, DUAL, PMIL, PM82 IU 

OPERATIONAL DESCRIPTION 

The 12CD-6 contains two major functional elements, a counter and a compare network. 

Counter 

The counter symbol divides into 4 areas from top to bottom. The common output block (above 


the double line) monitors the count in the counter. If the count is greater than 25l, 
output COUT will be active (LO). 
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12CD-6 (Contd) 


The next area below the common output block is a parity bit register with two inputs, PARA 
and PARB. When the counter is loaded, Cl or C2 clocks in the selected parity bit which 
represents the parity for the selected 6-bit data byte. Internal control (not shown) causes 
the parity bit to toggle when an odd number of bits in the 8-bit byte toggle. PARZ is the 
parity bit output. 


The counter is the third area from the top and has two data input highways A(0-7) and 
B(O-7). The counter data outputs are Z(0-7). The counter has a modulus of 256 (0-255) and 
counts in a circular manner; i.e., one count beyond 255 is 0. 


The bottom area is the common control block which contains the control for the counter. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the. parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count. operation (Gl active). 


PM2 controls the amount of the count by selecting between a count of plus 2 (when LO) or 
plus 4 (when HI). 


Count Operation 
When PM2 is HI when Gl becomes active (count initiated) and PM4 is active (LO), the counter 


increments by 4. When PM2 is LO when Gl becomes active, the counter increments by 2. 


The equation which controls the carry output (COUT) is fixed at greater than 251 and assumes 
a count of 4 will take place. The proper equation for an increment of 2 is greater than 
253. Therefore, when an increment of 2 takes place and the count is 252 or 253, the carry 
output is not correct. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-7. Three-Bit Counter and Compare Network. 


LOGIC SYMBOL 


SELIO} 35 Re 
SELG) 15] 


Z\ @UTPUT BGTRL IS 
UNDEFINED WHEN 


CZER@ IS La. 
T7105) 


BIAS LO 
«BIAS HI 


A(O-3), B(O-3), DUAL, NTST 
DECR, PMIL, PM4, PM8@1U 


_ at 


OPERATIONAL DESCRIPTION 
The 12CD-7 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the count in the counter. The count and gating modifier G2 
control the carry output (COUT). When the count is equal to 7 and G2 is active, COUT will 
be active (LO). 


The counter is in the middle and has two data input highways A(4-6) and B(4-6). The counter 
data outputs are Z(4-6). The counter has a modulus of 8 (0-7) and counts in a circular 
Manner; i.e., one count beyond 7 is 0. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter and clears the RS flip-flop which controls G2. A translation of 5 clocks 
in data from A(4-6) and sets the RS flip-flop making G2 active. A translation of 6 clocks 
in data from B(4-6) and sets the RS flip-flop (if not previously set) making G2 active. 
Loading the counter from either input highway makes G2 active. G2 will remain active until 
the counter is cleared. G2 is used in the common output block. A translation of 7 makes Gl 
active initiating a count operation. 
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12CD-7 (Cont~d) 


CINA, B, C, and D are chip enables. They enter an AND function with the count enable PM2 
and control the count. 


Count Operation 


When CINA-D and PM2 are active when Gl (count initiated) becomes active, the counter will 
increment by l. 


Compare Network 
The compare network has two 3-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 4 and 
designated as operand A. The lower highway comes from B(4-6). It is gated into the compare 
network by CZERO HI, weighted binarily 1 through 4 and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTRL will be 
active (LO) when B is greater than A. BEQRL will be active (LO) when B is equal to A. 
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12CD-8 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


WITH PARITY 
TOGGLE /\, 


, 

; © oPnPh 
: 

CINA. Se, 

CINB EIN 

CING rar 

CIND 28 


PM? Z\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING C@UNT @PERA- 

TEM IL ihc, TI@NS THE PARITY BIT 

7 | T@GGLES WHEN AN @DD NUM- 


DECR Fon : BER @F DATA BITS T@GGLE. 


/\, @UTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LO. 


ZA, @UTPUT UNDEFINED WHEN 
BOTH CQUNTS ACTIVE. 


BIAS L® = NTST 
BIAS HI = DUAL, PM4, PM8@IU 


OPERATIONAL DESCRIPTION 

The 12CD-8 contains two major functional elements, a counter and a compare network 
Counter 

The counter symbol divides into three areas from top to bottom. The common output block 


(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 
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12CD-8 (Contd) 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 
parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output highway 
Z(0-7). During count operations, the parity bit will toggle when an odd number of data bits 
toggle. The counter data outputs are Z(0-7) and the parity bit is PARZ. The counter has a 
modulus of 256; i.e., 0 through 255. The counter is also circular; i.e., one count beyond 
255 is O and one count less than 0 is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(O-7) and the parity bit PARA, 6 clocks in data 
from B(O-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G5 
will be active when a count operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (Gl active). 


PM2 and PM1IL enter OR functions which control the amount of the count (2 or 1). 


Count Operation 

The count will change by 2 when PM2 is LO and PMIL is HI. PM2 active makes the OR function 
for a count of 2 active. The active OR function and G2 (decrement) will make G4 active. G4 
is used in the common output block to activate the carry output (COUT) when the count in the 
counter is less than 2. When Gl (increment) is active, G3 will be active. G3 is used in 
the common output block to activate the carry output (COUT) when the count in the counter is 
greater than 253. 


In addition to controlling the direction of the count, Gl and G2 can control the carry 
output independently from the count amount controls. When the counter contains 255 and Gl 
is active or when the counter contains O and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 2. Gl AND G5 increment the 
counter by 2. 


The count will change by 1 when PMIL is LO and PM2 is HI. Gl and G2 control the direction 
of the count and the carry output (COUT). 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
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12CD-8 (Contd) 


designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least~-significant bits of A. 
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12CD-9 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


WITH PARITY ©) 49__BGTR 


SS 
TOGGLE /\ 8,850 BGTRL 
peahS!__ BEOR 


LS — 
SELIO) 30 (A) 8 847 BEQRL 


SEL(I) 15x 
CINA 


CINB 
CINC 
CIND 


Z\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING C@UNT @PERA- 
TIONS THE PARITY BIT 
TOGGLES WHEN AN @DD NUM- 
BER @F DATA BITS TOGGLE. 


ZX @UTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
TS. bo: 


AX @UTPUT UNDEFINED WHEN 
BOTH C@UNTS ACTIVE, 


‘BIAS L@ = NTST 
BIAS HI = DUAL, PM2, PM8@1U 


OPERATIONAL DESCRIPTION 

The 12CD-9 contains two major functional elements, a counter and a compare network. 
Counter 

The counter symbol divides into three areas from top to bottom. The common output block 


(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 
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12CD-9 (Cont“d) 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 
parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output highway 
Z(0-7). During count operations, the parity bit will toggle when an odd number of data bits 
toggle. The counter data outputs are Z(0-7) and the parity bit is PARZ. The counter has a 
modulus of 256; i.e., 0 through 255. The counter is also circular; i.e., one count beyond 
255 is O and one count less than 0 is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(0-7) and the parity bit PARA, 6 clocks in data 
from B(0-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G5 
will be active when a count operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (G1 active). 


PM4 and PMIL enter OR functions which control the amount of the count (4 or 1). 


Count Operation 
The count will change by 4 when PM4 is LO and PMIL is HI. PM4 active makes the OR function 


for a count of 4 active. The active OR function and G2 (decrement) will make G4 active. G4 
is used in the common output block to activate the carry output (COUT) when the count in the 
counter is less than 4. When Gl (increment) is active, G3 will be active. G3 is used in 
the common output block to activate the carry output (COUT) when the count in the counter is 
greater than 251. 


In addition to controlling the direction of the count, Gl and G2 can control the carry 
output independently from the count amount controls. When the counter contains 255 and Gl 
is active or when the counter contains 0 and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 4. Gl AND G5 increment the 
counter by 4. 


The count will change by 1 when PMIL is LO and PM4 is HI. Gl and G2 control the direction 
of the count and the carry output (COUT). 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
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12CD-9 (Contd) 


designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD- 10 Eight-Bit Counter with Parity Toggle and Comparator. 


LOGIC SYMBOL 


a 
8,8) 50 BGTRL 
8 L 51 BEOR 
y p°. pShat BEQRL 


IN 


SEL) 1S 


Z\ EACH DATA TRUNK CONTAINS 
8 DATA BITS AND | PARITY 
BIT. DURING C@UNT @PERA- 
TIONS THE PARITY BIT 
TOGGLES WHEN AN @DD NUM- 
BER @F DATA BITS TQGGLE. 


/\, QUTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN CZERQ 
IS LO. 


AA, @UTPUT UNDEFINED WHEN 
BOTH COUNTS ACTIVE. 


|O 


BIAS L@ = NTST 
BIAS HI = DUAL, PM2, PM4 


OPERATIONAL DESCRIPTION 

The 12CD-10 contains two major functional elements, a counter and a compare network. 
Counter 

The counter symbol divides into three areas from top to bottom. The common output block 


(above the double line) monitors the count in the counter. The count and gating modifiers 
G1-4 control the carry output (COUT). 
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12CD- 10 (Cont “d) 


The counter is in the middle and has two data input highways A(0-7) and B(0-7) and their 
parity bits PARA and PARB. The A and B inputs are used to load the counter and output 
highway Z(0-7) is the counter output. The PARZ output is the parity bit for output highway 
Z(0-7). During count operations, the parity bit will toggle when an odd number of data bits 
toggle. The counter data outputs are Z(0-7) and the parity bit is PARZ. The counter has a 
modulus of 256; i.e., O through 255. The counter is also circular; i.e., one count beyond 
255 is 0 and one count less than 0 is 255. 


The common control block on the bottom contains the control for both the counter and the 
common output block. 


SEL(0,1), EN, and CLCK control the major functions of the counter. A translation of 4 
clears the counter, 5 clocks in data from A(O-7) and the parity bit PARA, 6 clocks in data 
from B(0-7) and parity bit PARB, and 7 initiates a count operation (G6 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G5 
will be active when a count operation is initiated (G6 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count. When DECR is LO, the counter decrements (G2 
active). When DECR is HI, the counter increments (Gl active). 


PM801U and PMIL enter OR functions which control the amount of the count (8 or 1). 


Count Operation 
The count will change by 8 when PM801U is LO and PMIL is HI. PM801U active makes the OR 


function for a count of 8 active. The active OR function and G2 (decrement) will make G4 
active. G4 is used in the common output block to activate the carry output (COUT) when the 
count in the counter is less than 8. When Gl (increment) is active, G3 will be active. G3 
is used in the common output block to activate the carry output (COUT) when the count in the 
counter is greater than 247. 


In addition to controlling the direction of the count, Gl and G2 can control the carry 
output independently from the count amount controls. When the counter contains 255 and Gl 
is active or when the counter contains 0 and G2 is active, COUT will be active. 


When G5 becomes active (count initiated (G6) and chip enabled), Gl and G2 control the 
direction of the count. G2 AND G5 decrement the counter by 8. Gl AND G5 increment the 
counter by 8. 


The count will change by 1 when PMIL is LO and PM801U is HI. Gl and G2 control the 
direction of the count and carry output (COUT). 


The parity bit will toggle when an odd number of data bits toggle. 


Compare Network 
The compare network has two 8-bit highwayed inputs. The upper highway is the data output 


from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
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12CD-10 (Cont “d) 


designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 
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12CD-11 Dual 4-Bit Compare Networks. 


LOGIC SYMBOL 


/\, @UTPUTS BGTR AND BGTRL 
ARE UNDEFINED WHEN 
CZER@ IS LQ. 


BIAS L 
BIAS H 


= CLCK, EN, DUAL, SEL(1) 
= NTST, SEL() 


Hed 


OPERATIONAL DESCRIPTION 


The 12CD-11 contains two 4-bit compare networks. Each compare network has two highwayed 
inputs. The A inputs enter the compare network and are weighted binarily 1-8, and 
designated as operand A. The B inputs are gated into the compare networks by CZERO HI, 
weighted binarily 1-8, and designated as operand B. 


Each network aligns the two operands according to their weights and compares them. BGTR and 


BGRTL will be active (LO) when B is greater than A. BEQR and BEQRL will be active when B is 
equal to A. 
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12CD-12  Eight-Bit Compare Network with a Register on the A Inputs. 


LOGIC SYMBOL 


@) CD 
CLOCK 03x A 


en oral 


N@TE: /\ @UTPUTS BGTR AND BGTRL ARE 
UNDEFINED WHEN CZER@ IS LQ. 


|2{03| 


BIAS L@ = NTST, CINA, CINB, CINC, CIND, SEL(1) 
BIAS HI = DUAL, SEL(O)} PMIL, PM2, PM4, PM8Q1U 


OPERATIONAL DESCRIPTION 


CLCK and EN clock the A(0-7) input highway into a register. The output of the register goes 
to output pins Z(0-7) and to a compare network where it is weighted binarily 1 through 128 
and designated as operand A. Input highway B(0-7) is gated into the compare network by 
CZERO HI, weighted binarily 1 through 128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when B is greater than A. BGTRL will be active when the 4 least-significant 
bits of B are greater than the 4 least-significant bits of A. BEQR will be active when B is 
equal to A. BEQRL will be active when the 4 least-significant bits of B are equal to the 4 
least-significant bits of A. 


60458120 B 1 of 1 


12CD-13. Dual 4-Bit Counters with Parity Toggle. 


LOGIC SYMBOL 


29 _PARZ 
Z(0-7) 


WITH PARITY 
TOGGLE 


Wg 


/\ EACH DATA TRUNK CQNTAINS 8 DATA 
BITS AND | PARITY BIT. THE DATA 
BITS FROM EACH TRUNK SEPARATE, 

4 BITS T@ EACH CQUNTER. THE 
SELECTED PARITY BIT STILL RE- 
PRESENTS THE PARITY FOR ALL 8 
SELECTED DATA BITS. DURING CQUNT 
Q@PERATIONS THE PARITY BIT TOGGLES 
WHEN AN @DD NUMBER QF THE 8 
DATA BITS TOGGLE. 


ZA QUTPUTS BGTR AND BGTRL ARE 
UNDEFINED WHEN CZER@ IS LQ. 


BIAS L@ = DUAL, NTST 
BIAS HI = PM2, PM4 


OPERATIONAL DESCRIPTION 
The 12CD-13 contains two major functional elements, a counter and a compare network. 


Counter 

The counter symbol divides into 4 areas from top to bottom. The top area is a parity bit 
register with two inputs, PARA and PARB. When the counter is loaded, Cl or C2 clocks in the 
selected parity bit which represents the parity for the selected 8-bit data byte. Internal 
control (not shown) causes the parity bit to toggle when an odd number of bits in the 8-bit 
byte toggle. PARZ is the parity bit output. 
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12CD-13 (Contd) 


The next two areas below the parity are each 4-bit counters. Each counter has two 4-bit 
highwayed inputs (A and B) and one 4-bit highwayed output (Z). Each counter can increment 
or decrement by 1 under the control of the Z inputs which are interconnections to the common 
control block. Each counter has a modulus of 16 (0-15) and counts in a circular manner; 
i.e., one count beyond 15 is 0, one count less than O is 15. 


The bottom area is the common control block which contains the control for both counters. 


SEL(0,1), EN, and CLCK control the major functions of the counters. A translation of 4 
clears both counters and the parity bit register, 5 clocks in A data to each counter and the 
parity bit for A, 6 clocks in B data to each counter and the parity bit for B, and 7 
initiates a count operation (G4 active). 


CINA, B, C, and D are chip enables. They must all be LO to enable a count operation. G3 
will be active when a count operation is initiated (G4 active) and the chip is enabled 
(CINA-D LO). 


DECR controls the direction of the count for both counters. When DECR is LO, the counters 
decrement (G2 active). When DECR is HI, the counters increment (Gl active). 


PM801U enters an OR function which controls the upper 4-bit counter. PMIL enters an OR 
function which controls the lower 4~bit counters. 


Count Operation 
PM801U, G3 (count initiated and chip enabled) and G2 (decrement) all active will make 24 
active. Z4 connects to the upper counter and decrements it by l. 


PM801U, G3 and Gl (increment) all active will make Z3 active. 2Z3 connects to the upper 
counter and increments it by l. 


PMIL and G1-3 control the lower counter in the same manner as PM801U and G1-3 control the 
upper counter. 


Compare Network 

The compare network has two 8-bit highwayed inputs. The upper highway is the data output 
from the counter. It enters the compare network and is weighted binarily 1 through 128 and 
designated as operand A. The lower highway comes from B(0-7). It is gated into the compare 
network by CZERO HI, weighted binarily 1-128, and designated as operand B. 


The two operands are aligned according to their weights and compared. Output BGTR will be 
active (LO) when the 4 most-significant bits of B are greater than the 4 most-significant 
bits of A. BGTRL will be active when the 4 least-significant bits of B are greater than the 
4 least-significant bits of A. BEQR will be active (LO) when the 4 most-significant bits of 
B are equal to the 4 most-significant bits of A. BEQRL will be active when the 4 
least-significant bits of B are equal to the 4 least-significant bits of A. 
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12CE-0 9-Bit Registers. 


LOGIC SYMBOL 


Sot |, 
vee 38 mr 


see ae il 


BIAS L@® = NONE 
BIAS HI = V2\ 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


inputs A(O-7) and PA, 6 clocks inputs B(0-7) and PB, and 7 clears the register. 


‘The register has two sets of outputs, non-delayed (upper output highway), and delayed (lower 
output highway). Outputs to the lower highway do not change state to reflect the new 
register contents until the active dock modifier (Cl or C2) becomes inactive. The CLCK 
input is dynamic, therefore, the clock modifier is only active for the first 2.5 ns 
following the clocks transition to LO. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when the delayed outputs of the register C(0-3) and 
C(4-7) are active (HI), respectively. 


Lower Register 
Input pins V22, V23, and CLCK control the lower register. The lower register and its 


outputs operate in the same manner as the upper register and its outputs. Refer to the 
Upper Register. 
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12CE-1 Two 9-Bit Registers with Delayed Outputs. 


LOGIC SYMBOL 


BIAS L@ =N 
BIAS HI = V2! 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


inputs A(0-7) and PA, 6 is undefined, and 7 clears the register. 


The register has two sets of outputs, nondelayed (upper output highway), and delayed (lower 
output highway). Outputs to the lower highway do not change state to reflect the new 
register contents until the active dock modifier (Cl) becomes inactive. The CLCK input is 
dynamic, therefore, the clock modifier is only active for the first 2.5 ns following the 
clocks transition to LO. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when the delayed outputs of the register C(0-3) and 
C(4-7) are active (HI), respectively. 


Lower Register : 

Input pins V22, V23 and CLCK control the lower register. The lower register and its outputs 
operate in the same manner as the upper register and its outputs. Refer to the Upper 
Register. 
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12CE-2 Two 9-Bit Registers with No Delayed Outputs. 


LOGIC SYMBOL 


BIAS L® 
BIAS HI 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


inputs A(0-7) and PA, 6 is undefined, and 7 clears the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when inputs C(0-3) and C(4-7) are active (HI), 
respectively. 


Lower Register : 
Input pins V22, V23 and CLCK control the lower register. A control translation of 5 clocks 


inputs B(0-7) and PB, 6 is undefined, and 7 clears the register. 
Output pin V37 is active (LO) when an odd number of parity checker inputs are active. 


Output pins V38 and V39 are active (LO) when input pins D(0-3) and D(4-7) are active (HI), 
respectively. 
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12CE-3 16-Bit Register. 


LOGIC SYMBOL 


sex ossh O3n gs 
V20 20 38 | 
v23 V53_ feal. 
vio 42 
v22 19 


NI a 
NOTE: /\UNDEFINED 3 


INPUT PINS ARE: A(O-7), B(O-7) 
‘QUTPUT PINS ARE: C(O-7), DO-7) 
BIAS L@ = V2I, PA, PB 

BIAS HI = NONE 

TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V20 and V23 (tied together), V19 and V22 (tied together), and CLCK control the 
register. A control translation of 5 clocks the input data, 6 is undefined, and 7 clears 
register. 
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12CE-3 (Cont “d) 


LOGIC SYMBOL 


V20 eye 
VIO 42n 


an 
secos.h 03, oe 
ee : 


NOTE: AGES 


BIAS L® = V2I, PA, PB 
BIAS HI = NONE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. A 
control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 
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12CE-4 Two 9-Bit Registers with Controlled Delayed Outputs. 


LOGIC SYMBOL 


RE 
Vvis-42—— Nf 6 +/\ 
2 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20 and CLCK control the upper register. Input pin V21 selects between the 


delayed and not delayed register outputs to the lower output highway. Input pin V2l1 HI 
gates the delayed register output and V21 LO gates the non-delayed register output. A 
control translation of 5 clocks data inputs A(0-7) and PA, 6 is undefined, and 7 clears. the 
register. 


Delayed register outputs do not change state to reflect the new register contents until the 
active clock modifier (Cl) becomes inactive. The CLCK input is dynamic, therefore, the _ 
clock modifier is only active for the first 2.5 ns following the clocks transition to LO. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when input pins C(0-3) and C(4-7) are active (HI), 
respectively. 


Lower Register : 
Input pins V22, V23, and CLCK control the lower register. The lower register and its 


outputs operate in the same manner as the uppper register and its outputs. Refer to the 
Upper Register. 
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12CE-5 Registers with Parity. 


LOGIC SYMBOL 


C(O-7),D(O-7), 


CL R 
Vv20 383" 


IN 
IN 


V20,V23_ 38,16, 
V1I9,V22 42,19, 


NOTE: /\ UNDEFINED 


BIAS L® = V2l 
BIAS HI = NONE 
TERMINATE = V26, V27, V38, V39° 


OPERATIONAL DESCRIPTION 


Two 8-Bit Registers 
Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. A 


control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs are 
active. 


16-Bit Register with Parity 
Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 


register. A control translation of 5 clocks inputs A(0-7), B(0-7), PA, and PB, 6 is 
undefined, and 7 clears the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs (A(0-7) 
and PA, or B(0-7) and PB) are active, respectively. 
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12CE-5 (Contd) 


LOGIC SYMBOL 


cK+| =f 


Oo 
Wf 


CHDOLOTOPOLIOIO 
Adclofolyfolole 
LA ¥ Y 
W 
(@) 


NOTE: ZN 


amv 
Ww 
2 


Vl 


UNDEF INED 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. 


/ 


@ 

ome 

™N 

w 
/ 
i 


IS 


a] 
@ 
@ 

Wa 


ree! 
_ oe 
CD 
RGTR 


NOTE: /\ UNDEFINED 


cK+ | NO 


A 


control translation of 5 clocks input data A(0-7), PA, and B(0-7), PB, 6 is undefined, and 7 
clears the register. 


The 12CE-5 divides into two areas; the common control block and the common output block. 


The common control block (above the double line) contains the odd parity checker. 
common output block monitors the outputs of the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs are 


active. 
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12CE-6 Registers. 


LOGIC SYMBOL 


C}-NCID 
| 
@ NC2D 


os : 
V20 RnR 


MEMEZAIN 


le 


BIAS L®@ = V21, v22 
BIAS HI = 
TERMINATE = V26, V27, V38, V39 


} 
4 


~ 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


input A, 6 clocks input B, and 7 clears the register. 


Lower Register 


Input pins V23 and CLCK control the lower register. A control translation of 2 clocks input 
B, and 3 clears the register. 
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12CE-7 Register with Parity and Delayed Output. 


LOGIC SYMBOL 


C(O-7),D0-7), 


CLCK 03, 
V20,V25__ 38, 16N 5 
V19,V22__ 42,19" 


NOTE: /\, UNDEFINED 


12CE7 


N 
vee 19,\- ° 


BIAS L® = NONE 
BIAS HI = V2! 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Two 8-Bit Registers with Parity 
Input pins V19, V20, and CLCK control the register receiving the A input data. Input pins 


V22, V23, and CLCK control the register receiving the B input data. A control translation 
of 5 clocks the input data, 6 is undefined, and 7 clears the register. 


Each register has two sets of outputs, nondelayed (lower output highway), and delayed (upper 
output highway). Outputs to the upper highway do not change state to reflect the new 
register contents until the active dock modifier (C) becomes inactive. The CLCK input is 
dynamic, therefore, the clock modifier is only active for the first 2.5 ns following the 
clocks transition to LO. 


The registers delay the upper outputs, and pass the undelayed lower outputs to their 
respective parity checkers, 


Output pins V25 and V37 are active (LO) when an odd number of their respective parity 
checker inputs are active. 


16-Bit Register with Parity 

Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 
register. The 16-bit register and its outputs operate in the same manner as the 8-bit 
registers and their outputs. Refer to the 8-Bit Registers with parity. 
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12CE-8 8-Bit Register with Parity. 


LOGIC SYMBOL 


Oe ee 
Sot 
et 


BIAS L@ = V2I 
BIAS HI = NONE 
TERMINATE V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK control the register. A control translation of 5 clocks 
inputs A(0-7) and PA, 6 clocks inputs B(0-7) and PB, and 7 clears the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 


Output pins V26 and V27 are active (LO) when inputs C(0-3) and C(4-7) are active (HI), 
respectively. 
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12CE-9 16-Bit Register with Delayed Output. 


LOGIC SYMBOL 


peel 03x) vs 


V2O 38 
V23 l6No 


Ss 42 2 lA 
ve te 19 


NOTE: /NUNDEFINED  9[66 


INPUT PINS ARE: A(O-7), B(O-7) 
MUTPUT PINS ARE: C(0-7), D(O-7) 


BIAS L@ = PA, PB 
BIAS HI = v2I 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 
register. A control translation of 5 clocks the input data, 6 is undefined, and 7 clears 


the register. 


The output of the register is delayed until the active clock modifier (Cl) becomes 


inactive. The CLCK input is dynamic, therefore, the clock modifier is only active for the 


first 2.5 ns following the clocks transition to LO. 
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12CE-10 Registers. 


LOGIC SYMBOL 


BIAS L@ = V2l 
BIAS HI = N@NE 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20 and CLCK control the upper register. A control translation of 5 clocks 


inputs A(0-7) and PA, 6 clocks B(0-7) and PB, and 7 clears the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when C(0-3) and C(4-7) are active (HI), respectively. 


Lower Register 
Input pins V22, V23, and CLCK control the lower register. A control translation of 5 clocks 
B(O-7) and PB, 6 is undefined, and 7 clears the register. 


Output pin V37 is active (LO) when an odd number of parity checker inputs are active. 


Output pins V38 and V39 are active (LO) when inputs D(0-3) and D(4-7) are active (HI), 
respectively. 


60458120 B l of 1 


12CE-11 18-Bit Register. 


LOGIC SYMBOL 


NOTE: /\UNDEF INED 


|. INPUT PINS ARE: A(O-7, PA, B(O-7), PB 
MUTPUT PINS ARE: C(O0-7) PC, D@-7), PD 


BIAS L® = V2! 


BIAS HI = NONE 
TERMINATE = V26, V2T7, V38, V39 


OPERATIONAL DESCRIPTION 
Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 


register. A control translation of 5 clocks the input data, 6 is undefined, and 7 clears 
the register. 
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12CE-11 9-Bit Registers. 


LOGIC SYMBOL 


aoos.b O3nN 
V20_ 38, 
VIS 42, 


NOTE: ranvaar NOTE: /\UNDEFINED 4 


1, INPUT PINS ARE: A(-7) PA, B(O-7), PB 
@UTPUT PINS ARE: C(O-7), PC, D(O-7), PD 


BIAS L® V2i 


BIAS HI = N@NE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. A 
control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 
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12CE-12 18-Bit Register. 


LOGIC SYMBOL 


NOTE: /\UNDEFINED 1260! 


BIAS L@ = NONE 
BIAS HI V2i 
TERMINATE = V26, V27, V38, V39 


NOTES: 
|. INPUT PINS ARE: A(O-7, PA, B(O-7), PB 
MUTPUT PINS ARE: C(O-7), PC, D(O-7), PD 


OPERATIONAL DESCRIPTION 


Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 
register. A control translation of 5 clocks the input data, 6 is undefined, and 7 clears 
the register. 


The register outputs do not change state until the active clock modifier (C) becomes 


inactive. The CLCK input is dynamic, therefore, the clock modifier is only active for the 
first 2.5 ns following the clocks transition to LO. 
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12CE-12 9-Bit Registers. 


LOGIC SYMBOL 


INPUT PINS ARE: A(OQ-7). PA, BCO-7). PB 
QUTPUT “PENS: AREs -CUO=f)). PC, DCO=7),. PD 


BIAS L@ 
BIAS HI 
TERMINATE = V26. V2T, V38. V39 


oi 
< 
MN 


OPERATIONAL DESCRIPTION 


Input pins V19 and V22 and CLCK or V22, V23, and CLCK control their respective 
registers. A control translation of 5 clocks the input data, 6 is undefined, and 7 
clears the register. 


The register outputs do not change state until the active clock modifier (C) 


becomes inactive. The CLCK input is dynamic, therefore, the clock modifier is only 
active for the first 2.5 ns following the clocks transition to LO. 
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60458120 B 


12cF 


PIN REAL | VIRT 
NAME PIN PIN 
A(0) 37 
A(1) 52 V15 


AC(0) 33 V31 
AC(1) 46 V32 


ALN(0) 38 V33 
ALN(1) 43 V34 
B(0) 36 v12 
B(1) 15 V14 


C(0) 41 V43 
C(1) 48 V44 
CLCK 03 V45 
D(0) 42 V37 


D(1) 44 V38 
DAIG(O) 28 V29 
DAIG(1) 27 V30 
DEMUXG(0)10 vol 


DEMUXG(1)08 V02 
DSS(0) 16 V07 
DSs(1) 11 V10 
20 


12 
HOLD 18 V47 
LM(0) 32 V41 
45 


34 
PH3 09 V46 
RELOAD 35 V36 
17 


06 
07 
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12CF-0 Operand Registers. 


LOGIC SYMBOL 


B.C OP RGTR CONT 
N A?) 
@ 


elo 
rae 


2 
LMO-0) 9 
Po a ee aie: 
MUX 
BO) 36 
ee eam |: 


DAIG(O-1) O 


BIAS LO = NONE — BIAS HI. = M@DE, BUI) 
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12CF-0 (Cont “d) 


OPERATIONAL DESCRIPTION 


The 12CF-O performs major register and mux functions in the Operand Issue. These functions 
are the RDSA, RDSB, and RDSC registers, the Operand Data Mux, B and C Operand Registers, and 
the DAI Register. The 12CF-0 also contains a clock network (lower left symbol) which 
produces phased clocks for internal use, a control network for the B and C Operand 
Registers, and miscellaneous registers and mux functions. The miscellaneous registers and 
mux functions will be explained along with the major functions. 


Clock Network 

The clock network consists of a shift register which loads a single bit (input pin PH3) and 
shifts it down through 4-bit positions. Each transition to LO of the CLCK input activates 
the C and G modifiers and causes a right shift of l-bit position. The C (clock) modifier 
clocks in the state of the PH3 input to the top bit position of the shift register. The G 
(gating) modifier gates the delayed outputs from the shift register to produce the t0, tl, 
t2, and t3 clocks. The shift right causes the previous contents of each bit position to 
shift down l-bit position. The PHl and PH2 clocks are not gated or delayed and therefore 
always follow the contents of their respective bit positions. The timing diagram on the 
following page shows the inputs to the clock network and its outputs. 


RDSA Register (second symbol from the top on the left side) 

When input pin HOLD is HI, new data will clock into the RDSA Register each Tl time. When 
HOLD is LO, the clock modifier C cannot become active at Tl time and the register holds the 
data. 


RDSB Register 
When input pin HOLD is HI, new data will clock into the RDSB Register each T2 time. When 


HOLD is LO, the clock modifier C cannot become active at T2 time and the register holds the 
data. 


RDSC Register 
The RDSC Register has two highwayed inputs. The top highway is the normal data path and is 


clocked in at t3 time by a control translation of 5. Note that HOLD must be HI in order to 
clock in the normal data path. When HOLD is LO, the RDSC Register either holds its contents 
at T3 time (translation of 4) or clocks in the lower highway (translation of 6). 


The lower highway is used for reloading the RDSC Register during a functional unit shortstop 
of the C operand when HOLD is LO. In this case a translation of 6 will clock in the lower 
highway which comes from the output of the DAI Register. A translation of 7 also clocks in 
the lower highway, but this translation is not used. 


The B, C Operand Register Control paragraph explains the control for the selection of the 
lower data path to the RDSC Register. 


Operand Data Mux (symbol in the upper right corner) 

Two select signals control the selection of one of 4 input highways. These two select 
signals enter the array on pins DEMUXG(0) and (1) and are clocked into a register controlled 
by clock (t) from pin CLCK. 
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12CF-0 CLOCK. 


notes: /\\ INPUTS T@ THE CLOCK CKT IN THE CF ARRAY. 
VN CLOCK CKT QUTPUTS (INTERNAL T@ THE CF ARRAY). 


EN QUTPUT @F THE @N-CHIP CLOCK SHAPER. THE CL@CK 
SHAPER FORMS A 2.5 NS PULSE ON THE LEADING EDGE OF 
THE ACTIVE L@ CLOCK INPUT (CLCK). THE ANSI SYMBOL 
USES THE DYNAMIC INDICATOR ([>) T@ SHOW THIS 
CLOCK SHAPER. 
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12CF-0 (Cont “d) 


A control translation of 0 selects data from input pins DSS(0-1). 


A control translation of 1 selects the output from a 2-input mux. The mux selects RDSA or 
RDSB data under the control of PHl and PH2 from the clock network. RDSA data goes through 
the mux during phase 1 (PHL) time and RDSB data goes through the mux during phase 2 (PH2) 
time. 


A control translation of 2 selects data from input pins RF(0-1). This data passes through a 
gate which can allow it to pass (Gl active) or block it forcing zeros (Gl inactive). The 
control for this gate enters pin FZERO and is clocked into a register by clock (t) from pin 
CLCK. When the register is active, its output is HI, deactivating Gl in the gate and 
forcing zeros on the gate”s output highways. When the register is inactive, its output is 
LO, activating Gl in the gate and allowing the highways to pass. 


A control translation of 3 selects data from the output of the DAI Register. The DAI 
Register is on the input to the Register File and the Operand Data Mux is on the output of 
the Register File. Thus, a control translation of 3 causes a Register File shortstop. The 
data from the DAI Register also passes through the gate which can force zeros. 


B Operand Register 


Two select signals and tO clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSB Register. This is the normal path 
where the contents of the RDSB Register become the B operand sent to the ALN. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 
These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN. 


C Operand Register 
Two select signals and t0 clock select one of 4 input highways and clock the contents into 


the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSC Register. This is the normal path 
where the contents of the RDSC Register become the C operand sent to the ALN or to Address 
Control. 


Control translations of 5, 6 and 7 clock in data from the ALN, AC, and LM, respectively. 


These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN or AC. 
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12CF-0 (Contd) 


B, C Operand Register Control (enclosed by dashed line) 
The major functions of the B, C Operand Register Control are the B Operand Select Enable 


Register (top CD function), the C Operand Select Enable flip-flop (bottom CD function), the 
Reload Control Register (left CD function), and the DEMUX. 


There are 4 modes of operation. For descriptive purposes these modes are called Normal, 
Functional Unit Shortstop, Hold, and Reload. 


Normal 
Normal operation implies that operands are flowing smoothly from the RDSB and RDSC Registers 
to the B and C Operand Registers with no interruptions of flow (holds). 


Inputs HOLD, GFU (functional unit shortstop), and RELOAD are all HI. Thus all three CD 
functions in the B, C Operand Register Control are inactive. This makes GO and Gl in the 
DEMUX inactive forcing the DAIG(0-1) controls to zeros for both the B and C Operand 
Registers. At TO time the B and C Operand Register Control translators will both be 4, 
clocking in data from the RDSB and RDSC Register respectively. 


Functional Unit Shortstop 

During a functional unit shortstop operation, the B and/or C Operand Registers receive data 
from the output paths of the functional units. This data is tapped off at the input to the 
DAI Register. The DAIG(O-1) inputs select the shortstopped functional unit (ALN, AC, or LM) 
and the DEMUX routes this control to the proper operand register(s). 


Inputs HOLD and RELOAD are HI and GFU (functional unit shortstop) is LO. When GFU is LO 
during the tl clock, the B Operand Select Enable Register (top CD function) is set 
(active). When GFU is LO during the t2 clock, the C Operand Select Enable Flip-Flop (lower 
CD function) is set. This activates GO and/or Gl in the DEMUX and gates the DAIG(0-1) 
control to the B and/or C Operand Registers which at TO time clock in the selected 
functional unit. 


Hold 

The HOLD input, when LO, interrupts the flow of data during normal or functional unit 
shortstop operations. This is due to the Address Control or Local Memory unit not being 
able to accept new operands. Thus the RDSA, RDSB, and RDSC Registers and the B, C Operand 
Register Control must hold until the functional unit can again accept operands. 


When the HOLD input is LO, the C (clock) modifiers for RDSA, RDSB, RDSC and B Operand Select 
Enable Registers, and the C Operand Select Enable Flip-Flop are all inactive causing these 
circuits to hold their contents. When the C Operand Select Enable Flip-Flop is set 
(functional unit shortstop of C) while HOLD is LO, a reload operation will take place. 

Refer to Reload. 


Reload 

A reload operation takes place when there is a functional unit shortstop of C (C Operand 
Select Enable Flip-Flop set) and the HOLD input becomes LO. The reload operation will reset 
the C Operand Select Enable Flip-Flop and clock DAI Register output data into the RDSC 
Register. 
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12CF-0 (Cont “d) 


When the RELOAD input goes LO, the AND gate it enters will become active because the C 
Operand Select Enable Flip-Flop is set. The active AND gate deactivates the data input to 
the C Operand Select Enable Flip-Flop and also allows the t clock (pin CLCK) to set the 
Reload Control Register. The Reload Control Register then performs two functions. First, 
it enables the clock circuits for the C Operand Select Enable Flip-Flop so at T2 time it 
will reset. Thus GO in the DEMUX will become inactive and force zeros to the C Operand 
Register control selecting the data path from the RDSC Register. Second, at T3 time the 
RDSC Register control translator will decode a 6 which will clock in data from the output of 
the DAI Register. Since the C Operand Select Enable Flip-Flop resets at T2 time, the AND 
gate which RELOAD entered becomes inactive. This allows the Reload Control Register to 
clear the next time clock goes LO. 


DAI Register 


Two select signals and the tO clock select one of 4 input highways and clock the contents 
into the register. 


A control translation of 4 clocks in the output of the Functional Unit Micrand Register. 
This register clocked in data from pins D(0-1) at the previous TO time. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 
The LM data comes through a mux controlled by pin B(0). When B(0) is LO, the LM data comes 
from pins C(0-1). When B(0) is HI, the LM data comes from pins LM(0-1). 


Data which enters on pins LM(0-1) also passes unaltered to output pins I(0-1). 
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12CF-1 Operand Register. 


LOGIC SYMBOL 


. @) 
H@LD_18 


DEMIXS 
DEMING 1) 


N 
IN 
iS S 
Qe. 


sao ler Be 
4 
SeCeAD UL a Bae CT 
| Asa a Ti 
i g 


DAIGO). 
7] DAIG(I),, 


DAIG(O- |) 


BIAS L@ = NONE BIAS HI = MODE. B(O-1) 
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12CF-1 (Contd) 


OPERATIONAL DESCRIPTION 


The 12CF-1 performs major register and mux functions in the Operand Issue. These functions 
are the RDSA, RDSB, and RDSC Registers, the Operand Data Mux, B and C Operand Registers, and 
the DAIL Register. The 12CF-1 also contains a clock network (lower left symbol) which 
produces phased clocks for internal use, a control network for the B and C Operand 
Registers, and miscellaneous registers and mux functions. The miscellaneous registers and 
mux functions will be explained along with the major functions. 


Clock Network 

The clock network consists of a shift register which loads a single bit (input pin PH3) and 
shifts it down through 4-bit positions. Each transition to LO of the CLCK input activates 
the C and G modifiers and causes a right shift of l-bit position. The C (clock) modifier 
clocks in the state of the PH3 input to the top bit position of the shift register. The G 
(gating) modifier gates the delayed outputs from the shift register to produce the t0, tl, 
t2, and t3 clocks. The shift right causes the previous contents of each bit position to 
shift down 1-bit position. The PHl and PH2 clocks are not gated or delayed and therefore 
always follow the contents of their respective bit positions. The timing diagram on the 
following page shows the inputs to the clock network and its outputs. 


RDSA Register (second symbol from the top on the left side) 

When input pin HOLD is HI, new data will clock into the RDSA Register each Tl time. When 
HOLD is LO, the clock modifier C cannot become active at Tl time and the register holds the 
data. 


RDSB Register 
When input pin HOLD is HI, new data will clock into the RDSB Register each T2 time. When 


HOLD is LO, the clock modifier C cannot become active at T2 time and the register holds the 
data. 


RDSC Register 
The RDSC Register has two highwayed inputs. The top highway is the normal data path and is 


clocked in at T3 time by a control translation of 5. Note that HOLD must be HI in order to 
clock in the normal data path. When HOLD is LO, the RDSC Register either holds it contents 
at T3 time (translation of 4) or clocks in the lower highway (translation of 6). 


The lower highway is used for reloading the RDSC Register during a functional unit shortstop 
of the C operand when HOLD is LO. In this case a translation of 6 will clock in the lower 
highway which comes from the output of the DAI Register. A translation of 7 also clocks in 
the lower highway, but this translation is not used. 


The B, C Operand Register Control paragraph explains the control for the selection of the 
lower data path to the RDSC Register. 


Operand Data Mux (symbol in the upper right corner) 

Two select signals control the selection of one of 4 input highways. These two select 
signals enter the array on pins DEMUXG (0) and (1) and are clocked into a register 
controlled by clock (t) from pin CLCK. 
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12CF-1 (Cont “d) 


A control translation of 0 selects data from input pins DSS(0-1). 


A control translation of 1 selects output from a 2-input mux. The mux selects RDSA or RDSB 
data under the control of PH1 and PH2 from the clock network. RDSA data goes through the 
mux during phase | (PH1) time and RDSB data goes through the mux during phase 2 (PH2) time. 


A control translation of 2 selects data from input pins RF(0-1). This data passes through a 
gate which can allow it to pass (Gl active) or block it forcing zeros (Gl inactive). The 
control for this gate enters pin FZERO and is clocked into a register by clock t from pin 
CLCK. When the register is active, its output is HI, deactivating Gl in the gate and 
forcing zeros on the gate“s output highways. When the register is inactive, its output is 
LO, activating Gl in the gate and allowing the highways to pass. 


A control translation of 3 selects data from the output of the DAI Register. The DAI 
Register is on the input to the Register File and the Operand Data Mux is on the output of 
the Register File. Thus a control translation of 3 causes a Register File shortstop. The 
data from the DAI Register also passes through the gate which can force zeros. 


B Operand Register 


Two select signals and tO clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSB Register. This is the normal path 
where the contents of the RDSB Register become the B operand sent to the ALN. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM respectively. 
These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN. 


C Operand Register 


Two select signals and t0 clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSC Register. This is the normal path 
where the contents of the RDSC Register become the C operand sent to the ALN or to Address 
Control. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 


These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional unit and sent to the input of he ALN or AC. 
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12CF-1 (Cont “d) 


B, C Operand Register Control (enclosed by dashed line) 
The major functions of the B, C Operand Register Control are the B Operand Select Enable 


Register (top CD function), the C Operand Select Enable flip-flop (bottom CD function), the 
Reload Control Register (left CD function), and the DEMUX. 


There are 4 modes of operation. For descriptive purposes these modes are called Normal, 
Functional Unit Shortstop, Hold, and Reload. 


Normal 
Normal operation implies that operands are flowing smoothly from the RDSB and RDSC Registers 
to the B and C Operand Register with no interruptions of flow (holds). 


Inputs HOLD, GFU (functional unit shortstop), and RELOAD are all HI. Thus all three CD 
functions in the B, C Operand Register Control are inactive. This makes GO and Gl in the 
DEMUX inactive forcing the DAIG(O-1) controls to zeros for both the B and C Operand 
Registers. At TO time the B and C Operand Registers Control translators will both be 4, 
clocking in data from the RDSB and RDSC Registers, respectively. 


Functional Unit Shortstop 

During a functional unit shortstop operation, the B and/or C Operand Registers receive data 
from the output paths of the functional units. This data is tapped off at the input to the 
DAI Register. The DAIG(O-1) inputs select the shortstopped functional unit (ALN, AC, or LM) 
and the DEMUX routes this control to the proper operand register(s). 


Inputs HOLD and RELOAD are HI and GFU (functional unit shortstop) is LO. When GFU is LO 
during the tl clock, the B Operand Select Enable Register (top CD function) is set 
(active). When GFU is LO during the t2 clock, the C Operand Select Enable Flip-Flop (lower 
CD function) is set. This activates GO and/or Gl in the DEMUX and gates the DAIG(0-1) 
control to the B and/or C Operand Registers which at TO time clock in the selected 
functional unit. 


Hold 

The HOLD input, when LO, interrupts the flow of data during normal or functional unit 
shortstop operations. This is due to the Address Control or Local Memory unit not being 
able to accept new operands. Thus the RDSA, RDSB, and RDSC Registers and the B, C Operand 
Register Control must hold until the functional unit can again accept operands. 


When the HOLD input is LO, the C (clock) modifiers for RDSA, RDSB, RDSC and B Operand Select 
Enable Registers, and the C Operand Select Enable Flip-Flop are all inactive causing these 
circuits to hold their contents. When the C Operand Select Enable Flip-Flop is set 
(functional unit shortstop of C) while HOLD is LO, a reload operations will take place. 
Refer to Reload. 


Roload 

A reload operation takes place when there is a functional unit shortstop of C (C Operand 
Select Enable Flip-Flop set) and the HOLD input becomes LO. The reload operation will reset 
the C Operand Select Enable Flip-Flop and clock DAI Register output data into the RDSC 
Register. 
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12CF-1 (Contd) 


When the RELOAD input goes LO, the AND gate it enters will become active because the C 
Operand Select Enable Flip-Flop is set. The active AND gate deactivates the data input to 
the C Operand Select Enable Flip-Flop and also allows the t clock (pin CLCK) to set the 
Reload Control Register. The Reload Control Register then performs two functions. First, 
it enables the clock circuits for the C Operand Select Enable Flip-Flop so at T2 time it 
will reset. Thus GO in the DEMUX will become inactive and force zeros to the C Operand 
Register control selecting the data path from the RDSC Register. Second, at T3 time the 
RDSC Register control translator will decode a 6 which will clock in data from the output of 
the DAI Register. Since the C Operand Select Enable Flip-Flop resets at T2 time, the AND 
gate which RELOAD entered becomes inactive. This allows the Reload Control Register to 
clear the next time clock goes LO. 


DAI Register 
Two select signals and the t0 clock, select one of 4 input highways and clock the contents 


into the register. 


A control translation of 4 clocks in the output of the Functional Unit Micrand Register. 
This register clocked in data from pins D(0-1) at the previous TO time. 


Control translation of 5, 6 and 7 clock in data from the ALN, AC, and LM respectively. 


Data which enters on pins LM(0-1) also passes unaltered to output pins I(0-1). 
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12CF-2 (Cont “d) 


OPERATIONAL DESCRIPTION 


The 12CF-2 performs major register and mux functions in the Operand Issue area. These 
functions are the RDSA, RDSB, and RDSC registers, the Operand Data Mux, B and C Operand 
Registers, and the DAI Register. The 12CF-2 also contains a clock network (lower left 
symbol) which produces phased clocks for internal use, a control network for the B and C 
Operand Registers, and miscellaneous registers and mux functions. The miscellaneous 
registers and mux functions will be explained along with the major functions. 


Clock Network 

The clock network consists of a shift register which loads a single bit (input pin PH3) and 
shifts it down through 4-bit positions. Each transition to LO of the CLCK input activates 
the C and G modifiers and causes a right shift of l-bit position. The C (clock) modifier 
clocks in the state of the PH3 input to the top bit position of the shift register. The G 
(gating) modifier gates the delayed outputs from the shift register to produce the t0, tl, 
t2, and t3 clocks. The shift right causes the previous contents of each bit position to 
shift down 1l-bit position. The PHl and PH2 clocks are not gated or delayed and therefore 
always follow the contents of their respective bit positions. The timing diagram on the 
following page shows the inputs to the clock network and its outputs. 


RDSA Register (second symbol from the top on the left side) 

When input pin HOLD is HI, new data will clock in to the RDSA Register each Tl time. When 
HOLD is LO, the clock modifier C cannot become active at Tl time and the register holds the 
data. 


RDSB Register 
When input pin HOLD is HI, new data will clock in to the RDSB Register each T2 time. When 


HOLD is LO, the clock modifier C cannot become active at T2 time and the register holds the 
data. 


RDSC Register 
The RDSC Register has two highwayed inputs. The top highway is the normal data path and is 


clocked in at T3 time by a control translation of 5. Note that HOLD must be HI in order to 
clock in the normal data path. When HOLD is LO, the RDSC Register either holds it contents 
at T3 time (translation of 4) or clocks in the lower highway (translation of 6). 


The lower highway is used for reloading the RDSC Register during a functional unit shortstop 
of the C Operand when Hold is LO. In this case a translation of 6 will clock in the lower 
highway which comes from the output of the DAI Register. A translation of 7 also clocks in 
the lower highway, but this translation is not used. 


The B, C Operand Register Control paragraph explains the control for the selection of the 
lower data path to the RDSC Register. 


Operand Data Mux (symbol in the upper right corner) 

Two select signals control the selection of one of 4 input highways. These two select 
signals enter the array on pins DEMUXG (0) and (1) and are clocked into a register 
controlled by clock (t) from pin CLCK. 
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12CF-2 (Contd) 


A control translation of 0 selects data from input pins DSS(0-1). 


A control translation of 1 selects the output from a 2-input mux. The mux selects RDSA or 
RDSB data under the control of PHl and PH2 from the clock network. RDSA data goes through 
the mux during phase | (PH1) time and RDSB data goes through the mux during phase 2 (PH2) 
time. 


A control translation of 2 selects data from input pins RF(0-1). This data passes through a 
gate which can allow it to pass (Gl active) or block it forcing zeros (Gl inactive). The 
control for this gate enters pin FZERO and is clocked into a register by clock (t) from pin 
CLCK. When the register is active, its output is HI, deactivating Gl in the gate and 
forcing zeros on the gate”s output highways. When the register is inactive, its output is 
LO, activating Gl in the gate and allowing the highways to pass. 


A control translation of 3 selects data from the output of the DAI Register. The DAI 
Register is on the input to the Register File and the Operand Data Mux is on the output of 
the Register File. Thus a control translation of 3 causes a Register File Shortstop. The 
data from the DAI Register also passes through the gate which can force zeros. 


B Operand Register 


Two select signals and t0 clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSB Register. This is the normal path 
where the contents of the RDSB Register become B operand sent to the ALN. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 
These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN. 


C Operand Register 


Two select signals and tO clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSC Register. This is the normal path 
where the contents of the RDSC Register become the C operand sent to the ALN or to Address 
Control. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 


These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN or AC. 
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B, C Operand Register Control (enclosed by dashed line) 


The major functions of the B, C Operand Register Control are the B Operand Select Enable 
Register (top CD function), the C Operand Select Enable Flip-Flop (bottom CD function), the 
Reload Control Register (left CD function), and the DEMUX. 


There are 4 modes of operation. For descriptive purposes these modes are called Normal, 
Functional Unit Shortstop, Hold, and Reload. 


Normal 
Normal operation implies that operands are flowing smoothly from the RDSB and RDSC Registers 
to the B and C Operand Register with no interruptions of flow (holds). 


Inputs HOLD, GFU (functional unit shortstop), and RELOAD are all HI. Thus all three CD 
functions in the B, C Operand Register Control are inactive. This makes GO and Gl in the 
DEMUX inactive forcing the DAIG(0-1) controls to zeros for both the B and C Operand 
Registers. At TO time the B and C Operand Registers Control translators will both be 4, 
clocking in data from the RDSB and RDSC Registers, respectively. 


Functional Unit Shortstop 

During a functional unit shortstop operation, the B and/or C Operand Registers receive data 
from the output paths of the functional units. This data is tapped off at the input to the 
DAI Register. The DAIG(O-1) inputs select the shortstopped functional unit (ALN, AC, or LM) 
and the DEMUX routes this control to the proper operand register(s). 


Inputs HOLD and RELOAD are HI and GFU (functional unit shortstop) is LO. When GFU is LO 
during the tl clock, the B Operand Select Enable Register (top CD function) is set 
(active). When GFU is LO during the t2 clock, the C Operand Select Enable Flip-Flop (lower 
CD function) is set. This activates GO and/or Gl in the DEMUX and gates the DAIG(0-1) 
control to the B and/or C Operand Registers which at TO time clock in the selected 
functional unit. 


Hold 

The HOLD input, when LO, interrupts the flow of data during normal or functional unit 
shortstop operations. This is due to the Address Control or Local Memory unit not being 
able to accept new operands. Thus the RDSA, RDSB, and RDSC Registers and the B, C Operand 
Register Control must hold until the functional unit can again accept operands. 


When the HOLD input is LO, the C (clock) modifiers for RDSA, RDSB, RDSC, and B Operand 
Select Enable Register, and the C Operand Select Enable Flip-Flop are all inactive, causing 
these circuits to hold their contents. When the C Operand Select Enable Flip-Flop is set 
(functional unit shortstop of C) while HOLD is LO, a reload operation will take place. 
Refer to Reload. 


Reload 

A reload operation takes place when there is a functional unit shortstop of C (C Operand 
Select Enable Flip-Flop set) and the HOLD input becomes LO. The reload operation will reset 
the C Operand Select Enable Flip-Flop and clock DAI Register output data into the RDSC 
Register. 
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When the RELOAD input goes LO, the AND gate it enters will become active because the C 
Operand Select Enable Flip-Flop is set. The active AND gate deactivates the data input to 
the C Operand Select Enable Flip-Flop and also allows the t clock (pin CLCK) to set the 
Reload Control Register. The Reload Control Register then performs two functions. First, 
it enables the clock circuits for the C Operand Select Enable Flip-Flop so at T2 time it 
will reset. Thus GO in the DEMUX will become inactive and force zeros to the C Operand 
Register control selecting the data path from the RDSC Register. Second, at T3 time the 
RDSC Register control translator will decode a 6 which will clock in data from the output of 
the DAI Register. Since the C Operand Select Enable Flip-Flop resets at T2 time, the AND 
gate which RELOAD entered becomes inactive. This allows the Reload Control Register to 
clear the next time clock goes LO. 


DAI Register 
Two select signals and the tO clock, select one of 4 input highways and clock the contents 


into the register. 


A control translation of 4 clocks in the output of the Functional Unit Micrand Register. 
This register clocked in data from pins D(0-1) at the previous TO time. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 


Data which enters on pins LM(0-1) also passes unaltered to output pins I(0-1). 
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12CF-3 (Cont“d) 


OPERATIONAL DESCRIPTION 


The 12CF-3 performs major register and mux functions in the Operand Issue area. These 
functions are the RDSA, RDSB, and RDSC registers, the Operand Data Mux, B and C Operand 
Registers, and the DAI Register. The 12CF-3 also contains a clock network (lower left 
symbol) which produces phased clocks for internal use, a control network for the B and C 
Operand Registers, and miscellaneous registers and mux functions. The miscellaneous 
registers and mux functions will be explained along with the major functions. 


Clock Network 

The clock network consists of a shift register which loads a single bit (input pin PH3) and 
shifts it down through 4-bit positions. Each transition to LO of the CLCK input activates 
the C and G modifiers and causes a right shift of l-bit position. The C (clock) modifier 
clocks in the state of the PH3 input to the top bit position of the shift register. The G 
(gating) modifier gates the delayed outputs from the shift register to produce the t0, tl, 
t2, and t3 clocks. The shift right causes the previous contents of each bit position to 
shift down l-bit position. The PH1l and PH2 clocks are not gated or delayed and therefore 
always follow the contents of their respective bit positions. The timing diagram on the 
following page shows the inputs to the clock network and its outputs. 


RDSA Register (second symbol from the top on the left side) 

When input pin HOLD is HI, new data will clock in to the RDSB Register each T2 time. When 
HOLD is LO, the clock modifier C cannot become active at T2 time and the register holds the 
data. 


RDSB Register 
When input pin HOLD is HI, new data will clock into the RDSB Register each T2 time. When 


HOLD is LO, the clock modifier C cannot become active at T2 time and the register holds the 
data. 


RDSC Register 

The RDSC Register has two highwayed inputs. The top highway is the normal data path and is 
clocked in at T3 time by a control translation of 5. Note that HOLD must be HI in order to 
clock in the normal data path. When HOLD is LO, the RDSC Register either holds it contents 
at T3 time (translation of 4) or clocks in the lower highway (translation of 6). 


The lower highway is used for reloading the RDSC Register during a functional unit shortstop 
of the C Operand when Hold is LO. In this case a translation of 6 will clock in the lower 
highway which comes from the output of the DAI Register. A translation of 7 also clocks in 
the lower highway, but this translation is not used. 


The B, C, Operand Register Control paragraph explains the control for the selection of the 
lower data path to the RDSC Register. 


Operand Data Mux (symbol in the upper right corner) 

Two select signals control the selection of one of 4 input highways. These two select 
signals enter the array on pins DEMUXG (0) and (1) and are clocked into a HESISECE 
controlled by clock (t) from pin CLCK. 
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A control translation of 0 selects data from input pins DSS(0-1). 


A control translation of 1 selects the output from a 2-input mux. The mux selects RDSA or 
RDSB data under the control of PH1l and PH2 from the clock network. RDSA data goes through 
the mux during phase 1 (PH1) time and RDSB data goes through the mux during phase 2 (PH2) 
time. 


A control translation of 2 selects data from input pins RF(0-1). This data passes through a 
gate which can allow each bit to pass (Gl and G2 active) or block either or both bits 
forcing zeros (Gl and/or G2 inactive). The control for this gate enters pins FZERO and B(1) 
and is clocked into registers by clock from pin CLCK. The register which controls Gl in the 
gate requires FZERO LO at T time in order to become active. The register which controls G2 
in the gate requires either B(1) or FZERO LO to become active. When either register is 
active, its output is HI, thereby deactivating Gl or G2 in the gate and forcing a zero(s) on 
the output of the gate. When either register is inactive, its output is LO, thereby 
activating Gl or G2 in the gate and allowing the bit(s) to pass. 


A control translation of 3 selects data from the output of the DAI Register. The DAI 
Register is on the input to the Register File and the Operand Data Mux is on the output of 
the Register File. Thus a control translation of 3 causes a Register File Shortstop. The 
data from the DAI Register also passes through the gate which can force zeros. 


B Operand Register 


Two select signals and tO clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSB Register. This is the normal path 
where the contents of the RDSB Register become the B Operand sent to the ALN. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 
These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN. 


C Operand Register 


Two select signals and TO clock select one of 4 input highways and clock the contents into 
the register. The select signals come from a DEMUX which is explained in the B, C, Operand 
Register Control paragraph. 


A control translation of 4 clocks in data from the RDSC Register. This is the normal path 
where the contents of the RDSC Register become the C operand sent to the ALN or to Address 
Control. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 


These are functional unit shortstop paths because the data is being taken from the output 
paths of the functional units and sent to the input of the ALN or AC. 
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B, C Operand Register Control (enclosed by dashed line) 
The major functions of the B, C Operand Register Control are the B Operand Select Enable 


Register (top CD function), the C Operand Select Enable flip-flop (bottom CD function), the 
Reload Control Register (left CD function), and the DEMUX. 


There are 4 modes of operation. For descriptive purposes these modes are called Normal, 
Functional Unit Shortstop, Hold, and Reload. 


Normal 
Normal operation implies that operands are flowing smoothly from the RDSB and RDSC Registers 
to the B and C Operand Register with no interruptions of flow (holds). 


Inputs HOLD, GFU (functional unit shortstop), and RELOAD are all HI. Thus all three CD 
functions in the B, C Operand Register Control are inactive. This makes GO and Gl in the 
DEMUX inactive forcing the DAIG(0-1) controls to zeros for both the B and C Operand 
Registers. At TO time the B and C Operand Registers Control translators will both be 4, 
clocking in data from the RDSB and RDSC Register, respectively. 


Functional Unit Shortstop 

During a functional unit shortstop operation, the B and/or C Operand Registers receive data 
from the output paths of the functional units. This data is topped off at the input to the 
DAI Register. The DAIG(0-1) inputs select the shortstopped functional unit (ALN, AC, or LM) 
and the DEMUX routes this control to the proper operand register(s). 


Inputs HOLD and RELOAD are HI and GFU (functional unit shortstop) is LO. When GFU is LO 
during the tl clock, the B Operand Select Enable Register (top CD function) is set 
(active). When GFU is LO during the t2 clock, the C Operand Select Enable Flip-Flop (lower 
CD function) is set. This activates GO and/or Gl in the DEMUX and gates the DAIG(0-1) 
control to the B and/or C Operand Registers which at TO time clock in the selected 
functional unit. 


Hold 

The HOLD input, when LO, interrupts the flow of data during normal or functional unit 
shortstop operations. This is due to the Address Control or Local Memory unit not being 
able to accept new operands. Thus the RDSA, RDSB, and RDSC Registers and the B, C Operand 
Register Control must hold until the functional unit can again accept operands. 


When the HOLD input is LO, the C (clock) modifiers for RDSA, RDSB, RDSC, and B Operand 
Select Enable Register, and the C Operand Select Enable Flip-Flop are all inactive, causing 
these circuits to hold their contents. When the C Operand Select Enable Flip-Flop is set 
(functional unit shortstop of C) while HOLD is LO, a reload operation will take place. 
Refer to Reload. 


Reload 

A reload operation takes place when there is a functional unit shortstop of C (C Operand 
Select Enable Flip-Flop set) and the HOLD input becomes LO. The reload operation will reset 
the C Operand Select Enable Flip-Flop and clock DAI Register output data into the RDSC 
Register. 
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12CF=-3 (Cont “d) 


When the RELOAD input goes LO, the AND gate it enters will become active because the C 
Operand Select Enable Flip-Flop is set. The active AND gate deactivates the data input to 
the C Operand Select Enable Flip-Flop and also allows the t clock (pin CLCK) to set the 
Reload Control Register. The Reload Control Register then performs two functions. First, 
it enables the clock circuits for the C Operand Select Enable Flip-Flop so at T2 time it 
will reset. Thus GO in the DEMUX will become inactive and force zeros to the C Operand 
Register control selecting the data path from the RDSC Register. Second, at T3 time the 
RDSC Register control translator will decode a 6 which will clock in data from the output of 
the DAI Register. Since the C Operand Select Enable Flip-Flop resets at T2 time, the AND 
gate which RELOAD entered becomes inactive. This allows the Reload Control Register to 
clear the next time clock goes LO. 


DAI Register 
Two select signals and the t0 clock, select one of 4 input highways and clock the contents 


into the register. 


A control translation of 4 clocks in the output of the Functional Unit Micrand Register. 
This register clocked in data from pins D(0-1) at the previous TO time. 


Control translations of 5, 6, and 7 clock in data from the ALN, AC, and LM, respectively. 


Data which enters on pins LM(0-1) also passes unaltered to output pins I(0-1). 
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12CF-4 AND Gate. 


LOGIC SYMBOL 


BIAS = THIS CKT CANNOT BE USED WITH THE CF ARRAY BIASED 
T@ TYPE O. IT 1S COMPATIBLE WITH TYPES |, 2, AND 3. 
@UTPUT PIN X IS CAPABLE @F DRIVING 8 L@ADS, 


OPERATIONAL DESCRIPTION 


(None required.) 
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12CF-5 Fanout. 


LOGIC SYMBOL 
eCr{ 


BIAS = THIS CKT IS SEPARATE FR@M ALL @THER FUNCTIONS @F THE 
CF ARRAY. IT IS THEREFORE N@T AFFECTED BY ANY BIAS. 
@UTPUT PIN U IS CAPABLE @F DRIVING 8 L®ADS, 


OPERATIONAL DESCRIPTION 


(None required.) 
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12CG-O0 Variable Width Adder (Block Diagram). 


LOGIC SYMBOL 


30 
PREDICT@R 
+ENABLE 24 NED 
AL 


U 


BORROW [31 BOUT 
NETWORK 


BIAS = NONE 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 
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12CG-0 (Cont“d) 


OPERATIONAL DESCRIPTION 


The 12CG-O consists of seven major functional elements: the A Operand Register (upper left), 
B Operand Register (lower left), Parity Predictor (in the top of the ALU symbol), ALU, 
Boundary Detector, Output Register (right center), and the Borrow Network. 


A Operand Register 
Input pins ENA and CLCK control the selection and clocking of data and parity into the A 


Operand Register. 
A control translation of 3 clocks in data from pins A(0-3) and parity from pin AP. 


A control translation of 2 clocks in data from the output of the ALU and also clocks in the 
exclusive OR of the output parity bit PO —_ input pin PI. Pin PI is the parity bit for the 
other 4-bit slice of an 8-bit group. 


Input pin NW(0) LO gates the output of the exclusive OR. 


B Operand Register 
Input pins ENB, ENBA, CLCK, and COMP control the selection and clocking of data into the B 


Operand Register. 


A control translation of 4 clears the parity bit portion of the register (top) and the data 
portion of the register (center). 


A control translation of 5 clocks in data from pins A(0-3) and parity from pin AP. 


A control translation of 6 clocks in the B input highway parity bit from pin BP. A control 
translation of 6 with additional control from input pin COMP also controls the selection and 
clocking of data from the B input highway. Input pin COMP will select inverted (active HI) 
B input data for subtract operations and select (active LO) B input data for add 

operations. COMP is LO for subtract operations and HI for add operations. 


A control translation of 7 causes undefined results. 


Clock entering pin CLCK also clocks the COMP input into a register. 


Parity Predictor 


The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore the following Parity Predictor information cannot be deduced from the symbol. 


The Parity Predictor receives the parity bits from the two input operands and internal 
inputs from ALU to determine what the parity of the result will be. The Parity Predictor 
does not generate parity; it adjusts it. Bad parity (odd) on one of the two input operands 
will result in odd parity on the output of the Parity Predictor. 
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12CG-0 (Contd) 


When the SPECAD input is LO, the Parity Predictor will properly adjust parity only when the 
least-significant bit of the A and B operands are extended up through the upper 3-bit 
positions of their respective operands. 


Arithmetic and Logical Unit (ALU) 

The ALU is a variable width adder. It can add all 4 bits of the A operand to all 4 bits of 
the B operand, or it can add only the least-significant 3 bits of each, or the 
most-significant bit of each, or the least-significant bit of each, or none of each. The 
Variable Width Control paragraph describes the variable width controls. 


A Operand Inputs 
The 4-bit A operand comes from the A Operand Register. It enters the ALU where it is 
weighted binarily 1 through 8 and designated as the A operand. 


B Operand Inputs ; 

The 4-bit B operand comes from the B Operand Register. It enters the ALU and passes through 
an OR function where gating modifier Gl gates the least-significant 3-bits and G2 gates the 
most~-significant bit. The 4-bits are then weighted binarily 1 through 8 and designated as 
the B operand. Control of the gating modifiers is dealt with in the Variable Width Control 
paragraph. 


Borrow Input 
The BORROW input comes from the Borrow Network. It enters the ALU, is given a binary weight 
of 1, and designated as operand C. 


EN(O) Output 
The EN(O) output is the most-significant bit-enable. It will be HI when either or both of 
the most~significant bits of the A and B operands are inactive. 


NEO(1,2) Outputs 

Pins NEO(1) and NEO(2) are copies of the same group enable signal. This signal will be HI 
when all bit enables are active. A bit enable is active when either or both of the A and B 
operand bits in that position are inactive. Gating modifier G3 gates the group enable out 
of the ALU. G3 is described in the Generate Output paragraph. 


D(0-3) Outputs 

The D(0-3) outputs are the summation of A, B, and the complement of C. This summation is 
weighted binarily 1 through 8 and passed through an OR function where gating modifiers 
control each bit. G2, GO, and G4 must all be active to gate the most-significant bit 
(weighted 8). Gl and GO must both be active to gate the bits weighted 2 and 4. Gl also 
gates the least-significant bit. The Variable Width paragraph describes the GO-2 gating 
modifiers and the G4 control paragraph describes G4. 
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12CG-0 (Cont “d) 


Generate Output 

Pins NGO(1) and NGO(2) are copies of the same generate signal. This signal will be HI when 
the summation of A and B are less than 15 AND G3 is active. The generate signal will also 
be active when V is active. V is active when the COMP signal is HI and input pin S2S is LO. 


The lower two AND gates in the common control block control G3 and V. In actual use, input 
pin S2S is used dynamically only on the array which processes the most-significant 4-bits in 
the adder. It indicates two”s complement when LO and one“s complement when HI. Input S258 
is biased HI on all lower arrays. Thus on the array which processes the most~significant 
4—-bits, V active will force a generate when there is a two~s complement add (COMP HI) or 
block the generate (G3 inactive) for a two’s complement subtract (COMP LO). G3 inactive 
also blocks the group enable. Refer to the NEO(1,2) Output paragraph. 


C8 Output 
The C8 output will be active (LO) when the summation of the 3 least-significant bits of A 
and B and the complement of C are greater than 7. C8 is used in the Boundary Detector. 


Variable Width Control 

For the explanation of the variable width control, assume that G4 in the common control 
block is active. G4 is used only in the output of the most-significant result bit of each 
4-bit group in the adder. The G4 control paragraph explains its use. 


The NW(0-1) and SPECAD inputs control the width of the ALU. 


When NW(0-1) and SPECAD are all LO, GO-2 are all active. This gates in the entire B operand 
and gates out the entire sum to D(0-3). Thus the ALU operated on the full width (all 
4-bits) of its 4-bit group of the adder. 


When NW(0) is HI, G2 is inactive. This blocks the most-significant bit of the B operand and 
the most-significant bit of the result. The reason for blocking the B operand bit is to 
force an enable in that bit position. Note that the enable output looks for zeros in either 
operand for each bit position. Thus with NW(0O) HI, the upper result bit was forced to zero 
and its bit position enabled. 


When NW(1) is HI, Gl is inactive. This blocks the lower 3-bits of the B operand and the 
lower 3-bits of the result. The reason for blocking the B operand bits is to force enables 
in these bit positions. Note that the enable output looks for zeros in either operand for 
each bit position. Thus with NW(1) HI, the lower three result bits are forced to zero and 
their bit positions enabled. 


NW(O) and (1) may work separately or together. With both HI, the entire ALU result would be 
forced to zero and the group enable would be active (HI). 
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12CG-0 (Contd) 


When input SPECAD is LO, it forces zeros in the upper 3-bits of the ALU result. When SPECAD 
is LO, the least-significant bits of A and B must be extended (externally) through the upper 
3-bit positions of A and B. This extension allows the enables and parity to operate 
properly. 


G4 Control 

The 12CG array uses an add algorithm which cannot be deduced from the symbol. Each bit of 
the result is translated by using not only the borrow into its bit position but also the 
borrow into the next more-significant bit position. This larger add algorithm maximizes the 
number of single component failures (inside the array) which causes a parity error in the 
result. 


This algorithm is entirely internal for the lower 3-bits in each array and need not be shown 
on the symbol. The most-significant bit of each array however must receive the borrow into 
the next higher bit position. This borrow enters input pin BRIN and comes from the BOUT 
output from the next more significant array in the adder. The most-significant array 
receives the borrow from the least-significant array. 


Input pin S2S is used dynamically only on the most-significant array in the adder. It 
indicates two’s complement when LO and one”“s complement when HI. Input S2S is biased HI on 
all arrays of lower significance in the adder. 


When EN(0), BRIN, and S2S are all HI, G4 becomes inactive and blocks the most-significant 
bit. 


Boundary Detector ate: | tee 
The Boundary Detector output equals C8 e (D(1)+D(2)+D(3)+(AP @ BP)). 


Output Register 
Input pin END is ANDed with clock from input pin CLCK and clocks in the 4-bit result from 
D(0-3), its parity bit PS, and the result of the Boundary Detector. 


Borrow Network 

The Borrow Network receives active HI generates (input pins NGR(0-6)) and active HI enables 
(NEN(O-6)) from each array in the adder and determines the borrow. The Borrow Network 
output goes to the ALU and to output pin BOUT where it is sent to the next lower array 
(refer to G4 control). 


Each NGR input enters an OR function which is controlled by gating modifiers. These gating 
modifiers are controlled by the NEN inputs. 


BOUT will be active (LO) when NGR(0O) is active OR NGR(1) AND NEN(0) are active, OR NGR(2) 
AND NEN(O-1) are active, etc. 
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12CH 


REAL | VIRT 
PIN PIN 
CHSEL 37 
CODE(0) 48 vo1 


CODE(1) 43 V02 
CODE(2) 46 V03 


ENPLUS 45 V05 
NE(O) 18 V12 
NE(1) 17 V15 
NE(2) . 20 V16 


NE(3) 21 V19 
NE(4) 23 V20 
NE(5) 16 V23 
NE(6) 11 V24 


NE(7) 12 V27 
NE(8) 42 V28 
NE(9) 08 V31 
NE(10) 03 V32 


NE(11) 06 V35 
NE(12) 01 V36 
NG(O) 15 Vi1 
NG(1) 19 V13 


NG(2) 34 V14 
NG(3) 22 V17 
NG(4) 32 V18 
NG(5) 38 V21 


NG(6) 36 V22 
NG(7) 10 V25 
NG(8) 52 V26 
NG(9) 09 V29 


NG(10) 44 V30 
NG(11) 07 V33 
NG(12) 05 V34 
NSGN18 51 


NS32 31 
NS64 33 Vvo9 
PLUS1 47 Vv04 
SIGNA 41 Vv07 


SIGNB 


c(0) 
C(1) 26 V42 
C(3) 24 V43 


c(5) 02 V44 
C(7) 50 V45 
C(9) 49 V46 
c(11) 04 V47 


NGENA 29 V38 
NX1860 30 V39 
OVFSIN(0) 27 
OVFSIN(1) 28 
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12CH-O Carry Network (Block Diagram). 


LOGIC SYMBOL 


-CARRY @UT @F GROUP 25 C(O) 


NET | 24 CG) 
a 02 CO) 


z 50. Cir) 
[op A CC) 
a) 04. Cun 
-FINAL SIGN 
A 
pap 27_OVFSINO) 


CONTROL 28 OVFSIN() 
MOST +ENABLE 


SIGNIFICANT 2g NGENA 
ENABLE 
18-BIT +EXTEND 18 
EXTENSION 30 _NX1I860 
CONTROL 


NOTE: REFER T@ KEY T@ SYMBOLS FOR 
THE DETAIL OF THIS ARRAY 


BIAS L@ = CHSEL 
BIAS HI = NONE ee Be 


Senet - a 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 
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12CH-O Carry Network (ANSI Symbol). 


LOGIC SYMBOL 
12CH] 


NGO) 15 


CARRY NETWORK 


SIGN FOR 
CODES 4-7 


» 


PSOE oe al 


NGENAJ 


(T_IENPLUS a 
T_IC@DECO) 


\2’S COMP 64-BIT ADD nil 
K2’S COMP 32-BIT ADD PLUS | |], ee 
.2’S COMP 64-BIT ADD PLUS! [IR 
KS COMP 97-BIT ADD 3 


NX 1860 


0106) 


BIAS L@ = CHSEL 
BIAS HI = NONE 
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12CH-0O (Contd) 


OPERATIONAL DESCRIPTION 


The 12CH-0O symbol contains several functions: a carry network, a code translator 
(lower portion of symbol), AND/OR logic which determines sign and enable, and an 
output mux which selects the sign. 


Carry Network 


The Carry Network function is performed by an ALU whose outputs are a function of 
the A and B groups of inputs. The asterisk (*) following the qualifying symbol 
(F(A,B)*) indicates that the symbol is incomplete. Therefore, the following Carry 
Network information cannot be deduced from the symbol. 


Active HI generates enter the array on pins NG(0-12), are weighted decimally 0-12, 
and designated as group A. Active HI enables enter the array on pins NE(0-12), are 
weighted decimally 0-12, and designated as group B. 


The carry network has 7 outputs designated as FO, 1, 3, 5, 7, 9, and 11. Each 
output is a function of the A and B groups of inputs (refer to the Carry Network 
Output Equations paragraph). 


Outputs F5, 7 and 9 are further controlled by gating modifier Gl and OR modifier 
V. Gl gates the F5, 7 and 9 outputs to output pins C(5), C(7), and C(9), 
respectively. Gl is active when there are code translations of 2 through 7 (not 0 
or 1). V forces the F5, 7, and 9 outputs active (LO). V is active when input 
NSGN18 is HI AND there are code translations of 0 or l. 


Code Translation 

A 3~-bit code enters the array on pins CODE(0-2) and is translated. Translations of 
0 and 1 are ORed and control the carry network and output NX1860. Translations of 
3-7 control the sign and enable functions. 


Sign Select Mux 
CODE(0) selects between the outputs of two sign networks. CODE(0) is HI for codes 


0-3 and LO for codes 4-7. 
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12CH-0O (Cont “d) 


Carry Network Output Equations 


The following equations assume active 


FFO=AO + Al e BO F1l=Al + 
+ A2 e BO e Bl + 
+ A3 e BO-2 + 
+ A4 e BO-3 + 
+ A5 e BO-4 + 
+ A6 e BO-5 + 
+ A7 e BO-6 + 
+ A8 @ BO-7 + 
+ AI e BO-8 + 
+ AlO e BO-9 + 
+ All e BO-10 + 
+ Al2 e BO-1l + 

FF5=A5 + A6 e BS F7=A7 + 
+ A7 @ B5 o B6 + 
+ A8 e B5-7 + 
+ AO e B5-8 + 
+ Al0O e B5-9 + 
+ All e B5-10 + 
+ Al2 e B5-l1l + 
+ AO e B5-12 + 
+ Al e B5-12 e BO + 
+ A2 e B5-12 e BO e Bl + 
+ A3 e B5-12 e BO-2 + 
+ A4 e B5-12 e BO-3 + 

Fl1=All + Al2 e Bll 
+ AO e Bll e B12 
+ Al e Bll e Bl2 e BO 
+ A2 e Bll e Bl2 e BO e Bil 
+ A3 e Bll e B12 e BO-2 
+ A4 @e Bll e B12 e BO-3 
+ A5 e Bll e B12 e BO-4 
+ A6 e Bll e B12 e BO-5 
+ A7 e Bll e B12 e BO-6 
+ A8 e Bll e B12 e BO-7 
+ AO e Bll e B12 e BO-8 
+ Al0 e Bll e Bl2 e BO-9 
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A2 e Bl 

A3 e Bl e B2 
A4 e B1-3 

A5 e B1l-4 

A6 e B1-5 

A7 e B1l-6 

A8 @ Bl-7 

AD e B1-8 
AlO e Bl-9 
All e Bl-10 
Al2 e Bl-1ll 
AO e Bl-12 
A8& e B/ 

A9 @ B7 e B8 
AlO » B/7-9 
All e B7-10 
Al2 e B/7~-11 
AO e B/-12 
Al e B/-12 e 
A2 @ B/-12 e 
A3 e B/-12 6 
A4 e B/7-12 e 
A5 e B/-12 e 
A6 e B/-12 6 


F9=A9 


HI Carry Network inputs and 


++teteetreettest 


t++etteteteteetetetet 


A4 e B3 

A5 e B3 e B4 
A6 e B3-5 

A7 e B3-6 

A8 @ B3-7 

AY e B3-8 
AlO e B3-9 
All e B3-10 
Al2 e B3-11 
AO e B3~-12 


Al e B3-12 e BO 
A2 e B3-12 e BO e Bl 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 
BO-6 


AlO e B9 
All eo B9 e B10 
Al2 e B9-11 
AO @ B9-12 
Al e B9~-12 
A2 e B9-12 
A3 @ BI-12 
A4 e BI-12 
A5 e B9I-12 
A6 e BI-12 
A7 e B9-12 
A8 e B9-12 


BO-7 


produce active LO results. 
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12CH-1 Carry Network (Block Diagram). 


LOGIC SYMBOL 


-CARRY QUT OF GROUP 25 C(O) 

NGO-12) J carry | 26. CU) 
NET [I 34 CB) 

NE(O- 12) es aie 2) 


(3) PN se a OO) 
NSG I8 5| | 04 Cll) 


-OVERFLOW 


OVERFLOW 27 OVFSIN(O) 

S64 _33 DETECT 28 OVFSING) 
+GENERATE 

23. -NGENA 


GENERATE 


me +EXTEND 60 
CODE(I) 43 60-BIT 30 
ODE) 46 EXTENSION 


NOTE: REFER TO KEY T@ SYMBOLS FOR 
THE DETAIL @F THIS ARRAY 


BIAS L@ = NONE 
‘BIAS HI = CHSEL e : 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 
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12CH-1 Carry Network (ANSI Symbol). 


LOGIC SYMBOL 

12CH 

NGO) 15 -CARRY_ NETWORK CARRY GUT @F GROUP O 25 C(O) 
NGC) 19 36 CC) 
ING) 34 oa 34 CS) 
NGS) 22 al O2 CG) 
NG(4) 32 Cs 50 C(7) 
NGG) 38 ro 49 CS) 


NG) 36 al 04. cll) 
NG) 10 


-OVERFLOW 


ARAN O 


128 GVFSING)] 


5 
6 
17 
8 
9 

| 
| 


+GENERATE 
2g NGENA 


|_| |C@DEO) | 


» 
» 


| — 
| ee 


2'S COMP EXTEND 18 : 


BIAS L@ = NONE —BIAS HI = CHSEL 
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12CH-1 (Contd) 


OPERATIONAL DESCRIPTION 


The 12CH-1 symbol contains several functions: a carry network, a code translator (lower 
portion of symbol), logic which determines overflow and generate, and an output mux which 
selects the overflow. 


Carry Network 


The Carry Network function is performed by an ALU whose outputs are a function of the A and 
B groups of inputs. The asterisk (*) following the qualifying symbol (F(A,B)*) indicates 
that the symbol is incomplete. Therefore, the following Carry Network information cannot be 
deduced from the symbol. 


Active HI generates enter the array on pins NG(0-12), are weighted decimally 0-12, and 
designated as group A. Active HI enables enter the array on pins NE(0-12), are weighted 
decimally 0-12, and designated as group B. 


The carry network has 7 outputs designated as FO, 1, 3, 5, 7, 9, and 11. Each output is a 
function of the A and B groups of inputs (refer to the Carry Network Output Equations 
paragraph). 


Outputs F5, 7 and 9 are further controlled by gating modifier Gl and OR modifier V. Gl 
gates the F5, 7 and 9 outputs to output pins C(5), C(7), and C(9), respectively. Gl is 
active when there are code translations of 2 through 7 (not O or 1). V forces the F5, 7, 
and 9 outputs active (LO). V is active when input NSGN18 is HI AND there are code 
translations of 0 or l. 


Code Translation . 

A 3-bit code enters the array on pins CODE(0-2) and is translated. Translations of O and 1 
are ORed and control the Carry Network. A translation of 2 controls output pin NX1860 and 
translations of 3~7 control the overflow and generate functions. 


Overflow For Codes 0-3 
The equation for the output of the OVFL FOR CODES 0-3 network is: 


((CARRY OUT OF GROUP 0 e code translation of 3)=SIGNB) e SIGNS EQUAL 


Overflow for Codes 4-7 
The equation for the output of the OVFL FOR CODES 4-7 network is: 


SIGNS EQUAL e (SIGNB=(NS32 e Codes 5 or 7) + (NS64 e codes 4 or 6)) 


Overflow Select Mux ; 
CODE(0) selects between the outputs of two overflow networks. CODE(0) is HI for codes 0-3 
and. LO for codes 4-7. 
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(Cont~ 


d) 


Carry Network Output Equations 


The following equations assume active 


FO=A0 + Al e BO F1l=Al + 
+ A2 @e BO e Bl + 
+ A3 e BO-2 + 
+ A4 e BO-3 + 
+ A5 e BO-4 + 
+ A6 e BO-5 + 
+ A7 e BO-6 + 
+ A8 e BO-7 + 
+ ADI e BO-8 + 
+ Al10 e BO-9 + 
+ All e@ BO-10 + 
+ Al2 e BO-1I1 + 
F5=A5 + A6 e B5 F7=A7 + 
+ A7 e B5 @ B6 + 
+ A8 e B5-/ + 
+ AOI » B5-8 + 
+ Al0 e B5-9 + 
+ All e B5-10 + 
+ Al2 e@ B5-11 + 
+ AO e B5-12 + 
+ Al @ B5-12 e BO + 
+ A2 @ B5-12 e BO e Bl + 
+ A3 @ B5-12 e BO-2 + 
+ A4 e B5-12 e BO-3 + 
F1I1=All + Al2 e Bll 
+ AO e Bll e B12 
+ Al e B11] e B12 e BO 
+ A2 @e Bll e B12 e BO e Bl 
+ A3 e Bll e B12 e BO-2 
+ A4 e Bll e B12 e BO-3 
+ A5 e Bll e B12 e BO-4 
+ A6 e Bll e B12 e BO-5 
+ A7 e Bll e B12 6 BO-6 
+ A8 @e Bll e B12 e BO-7 
+ ADI @e Bll e B12 e BO-8 
+ AlO e Bll e B12 e BO-9 
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A2 e Bil 

A3 @ Bl e B2 
A4 e B1-3 

A5 e B1-4 

A6 e B1-5 

A7 e Bl-6 

A8 e Bl-7 

AY e B1-8 
AlO e B1-9 
All e B1-10 
Al2 e BI-1l 
AO e Bl-12 
A8 e B7 

AQ @ B7 e B8 
Al0 o B7-9 
All e B7-10 
Al2 e B7-11 
AO e B7-12 
Al e B/-12 e 
A2 e B/-12 e 
A3 e B/-12 e 
A4 e B7-12 e 
A5 e B/7-12 e 
A6 e B/-12 6 


HI Carry Network inputs and 


produce active LO results. 


F3=A3 + A4 e B3 
+ A5 e B3 e B4 
+ A6 e B3-5 
+ A7 @ B3-6 
+ A8 @ B3-7 
+ AD @e B3-8 
+ Al0 e B3-9 


F9=A9 


+ All e B3-10 
+ Al2 e B3-11 


+ AO e B3-12 
+ Al @e B3-12 e BO 
+ A2 @ B3-12 e BO e Bl 


+ Al0 e BI 
+ All @ BO e B10 


+ Al2 e B9-11 


+ AO 
+ Al 
+ A2 
+ A3 
+ A4 
+ A5 
+ A6 
+ A7 
+ A8 


B9-12 
B9-12 
B9-12 
B9-12 
B9-12 
B9-12 
B9-12 
B9-12 
B9-12 


@eeeede e 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 
BO-6 
BO-7 
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12CH-2 Carry Network (Block Diagram). 


LOGIC SYMBOL 


BIAS LO 
_ BIAS HI 


CQDE(I-2), CHSEL, SIGNB 
NSGN1I8, NS32, NS64, PLUSI, ENPLUS, CQDE(O), SIGNA 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 


60458120 B | | ees 


12CH-2 Carry Network (ANSI Symbol). 


LOGIC SYMBOL 


NGO) 15 
INGG) 38) 


BIAS L@ = C@DE(I-2), CHSEL, SIGNB 
BIAS HI = NSGNI8, NS32, NS64, PLUSI, ENPLUS, C@DE(O)} SIGNA 


OPERATIONAL DESCRIPTION 


The Carry Network function is performed by an ALU whose outputs are a function of the A and 
B groups of inputs. The asterisk (*) following the qualifying symbol (F(A,B)*) indicates 
that the symbol is incomplete. Therefore, the following Carry Network information cannot be 
deduced from the symbol. 


Active HI generates enter the array on pins NG(0-12), are weighted decimally 0-12, and 
designated as group A. Active HI enables enter the array on pins NE(0-12), are weighted 
decimally 0-12, and designated as group B. 


The carry network has 7 outputs designated as FO, 1, 3, 5, 7, 9, and 11. Each output is a 


function of the A and B groups of inputs (refer to the Carry Network Output Equations 
paragraph). 
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12CH-2 


(Contd) 


Carry Network Output Equations 


The following equations assume active 


FO=A0 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

F5=A5 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

F1ll=All + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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> 
in 
®©®eeeseed? @&e8°0 


BO 


BO e Bl 


BO-2 
BO-3 
BO-4 
BO-5 
BO-6 
BO-7 
BO-8 


AlO e BO-9 


All e BO-10 
Al2 e BO-11 


A6 e 


B5 


A7 @ B5 e B6 


A8 e 
AY @ 


B5-/ 
B5-8 


Al0 « B5-9 


All e B5-10 
Al2 e B5-11 


AO e 
Al e 
A2 e 


B5-1 
B5-1 
B5-1 


2 
Z 
Z 


A3 e B5-12 


A4 e 


B5-1 


Al2 e Bll 


> 
ww 
@eeeeeee?ee @ 


Bll 
Bll 
Bll 
Bll 
Bll 
Bll 
Bll 
Bll 
Bll 
Bll 


2 


e BO 


e BO e Bl 
e@ BO-2 
e BO-3 


B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 


F1=Al + 


t+eeteerteteetst 


F7=A/7 


teteeteteeetet 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 
BO-6 
BO-7 
BO-8 


AlO e Bll e B12 eo BO-9 


A2 e Bl 

A3 e Bl e B2 
A4 e B1-3 

A5 e B1l-4 

A6 e B1-5 

A7 e Bl-6 

A8 e Bl-/ 

AY e B1-8 
AlO e B1l-9 
All e B1-10 
Al2 e Bl-1ll 
AO e Bl-12 
A8 e B/ 

AS e B/ e B8 
AlO @ B7-9 
All e B7-10 
Al2 e B7-11 
AO e B/-12 
Al e B/-12 e 
A2 e B/-12 e 
A3 e B7-12 e 
A4 e B7-12 e 
A5 e B/-12 e 
A6 e B/7-12 e 


ry 
lo 
ui 
B 
+ 


F9=A9 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 


t+eeteettettst 


t+etetetteeeest 


HI Carry Network inputs and 


produce active LO results. 


A4 e B3 

A5 e B3 e B4 
A6é e B3-5 

A7 e B3-6 

A8 e B3-7 

AY e B3-8 
AlO e B3-9 
All e B3-10 
Al2 e B3-11 
AO @e B3-12 


Al e B3-12 e BO 
A2 e B3-12 e BO e Bl 


Al0O e B9 
All e BY e B10 
Al2 @ B9-11 
AO e B9-12 
Al e B9I-12 
A2 e B9-12 
A3 e B9-12 
A4 e BI-12 
A5 e B9I-12 
A6 e BI~-12 
A7 e B9-12 
A8 e BI-12 
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12CH-3 Carry Network. 


ee 


LOGIC SYMBOL 


NGO) . 15 


NGU2) 05 
EO) | 


EQ) | 
E(2) 

EG) 2 
E(4) 2 
EO) | 
E(e) | 
E(7) | 


CARRY NETWORK 


Zz 
@ 


Zz 
N“ 


Z(2Zj Zz) Z/a 
N 
—| Oj} | —j}O 


z 
N 


an CODE) 


|_| 
: ae 28 OVFSING) 
SIGNB Jak ey Oe 
ae FORCE NGENA yy 30 NXI860 


iN 
IT [eNPLus 


0 
| 
2] 
3 
4 
=) 
6 
4 
8 
=; 
| 


N—- Oo. 


= 
wo 
Q@ 
z 
0 
ol 


CHSEL 37 6) 

Raa 
aa: Css 
SIGNB 35 cu 


.2’S COMP 32-BIT ADD L\ ovew/sten FOR | 
N .2’S COMP 64-BIT ADD ral CODES 4 


K2’S COMP 32-BIT ADD PLUS 


NOTE: ANST SYMR@L@GY FOR THE ENTIRE ARRAY. 


BIAS NONE 
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12CH-3 (Contd) 


OPERATIONAL DESCRIPTION 


The 12CH-3 symbol contains several functions: a carry network, a code translator (lower 
portion of symbol), AND/OR and equivalence logic which determines sign, overflow, generate, 
and enable, an overflow/sign select mux, and an output mux. 


Carry Network 


The Carry Network function is performed by an ALU whose outputs are a function of the A and 
B groups of inputs. The asterisk (*) following the qualifying symbol (F(A,B)*) indicates 
that the symbol is incomplete. Therefore, the following Carry Network information cannot be 
deduced from the symbol. 


Active HI generates enter the array on pins NG(0-12), are weighted decimally 0-12, and 
designated as group A. Active HI enables enter the array on pins NE(0-12), are weighted 
decimally 0-12, and designated as group B. 


The carry network has 7 outputs designated as FO, 1, 3, 5, 7, 9, and 11. Each output is a 
function of the A and B groups of inputs (refer to the Carry Network Output Equations 
paragraph). 


Outputs F5, 7 and 9 are further controlled by gating modifier Gl and OR modifier V. Gl 
gates the F5, 7 and 9 outputs to output pins C(5), C(7), and C(9), respectively. Gl is 
active when there are code translations of 2 through 7 (not 0 or 1). V forces the F5, 7, 
and 9 outputs active (LO). V is active when input NSGNI8 is HI AND there are code 
translations of 0 or l. 


Code Translator 

A 3-bit code enters the array on pins CODE(0-2) and is translated. Translations of O and 1 
are ORed together and control the Carry Network and output NX1860. A translation of 2 also 
controls NX1860. Translations of 3-7 control the overflow, sign, and generate functions. 


Overflow For Codes 0-3 
The equation for the output of the OVFL FOR CODES 0-3 network is: 


((CARRY OUT OF GROUP 0 e code translation of 3)=SIGNB) e SIGNS EQUAL 


Overflow/Sign for Codes 4-7 
The equation for the OVFL output is: 


SIGNS EQUAL e (SIGNB=(NS32 e Codes 5 or 7) + (NS64 e codes 4 or 6)) 
The equation for the active HI SIGN output is: 


(NS32 e codes 5 or 7) + (NS64 e codes 4 or 6) 


Overflow/Sign Select Mux 


CODE(0) selects between the outputs of two overflow networks and two sign networks. CODE(0) 
is HI for codes 0-3 and LO for codes 4-7. 
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12CH-3 (Cont ~d) 


Output Mux 


Input CHSEL selects between sign and overflow, generate and enable, and codes O or 1 and 
code 2. 


When CHSEL is LO, gating modifier Gl is active. Gl gates the outputs from the sign, enable, 
and codes 0 or 1 functions to the array outputs. 


When CHSEL is HI, gating modifier G2 is active. G2 gates the outputs from the overflow, 
generate, and code 2 functions to the array outputs. 


OR modifier V forces output NGENA active (LO). V is active when the output from the Force 
NGENA function is LO. 
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12CH-3 ( 


Cont “d) 


Carry Network Output Equations 


The following equations assume active 


FO=A0 ++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
F5=A5 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
FI1=All + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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BO~2 
BO-3 
BO-4 
BO-5 
BO-6 
BO-7 
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Al0 e BO-9 
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@eeeeeesees? 9s? 


All e BO-10 
Al2 e BO-11 


Al2 e Bll 
AO e Bll 
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Bll 
Bll 
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> 

es) 
@®ee7eeeee?es @ 
@©eeeeee 8 8 @ 


BO e Bl 


e BO 


e BO e Bl 
e BO-2 
e BO-3 


B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 
B12 


F1=Al 


tte eetteteteteest 


F7=A7 


teteeeeeeeeeet 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 
BO-6 
BO-7 
BO-8 


AlO e Bll e B12 e BO-9 


A2 e Bl 

A3 e Bl e B2 
A4 e B1-3 

A5 e B1l-4 

A6 e B1-5 

A7 e Bl-6 

A8 e Bl-/ 

AY e B1-8 
AlO e B1-9 
_All e B1-10 
Al2 e Bl-ll 
AO e Bl-12 
A8 e B/ 

AD e B/ e B8 
AlO @e B7-9 
All e B7-10 
Al2 e B7-11 
AO e B/-12 
Al e B/-12 e 
A2 e B/-12 e 
A3 e B/-12 e 
A4 e B/-12 e 
A5 e B/-12 e 
A6 e B/-12 e 


F3=A3 


F9=A9 


BO 

BO e Bl 
BO-2 
BO-3 
BO-4 
BO-5 


HI Carry Network inputs and 


+ 


t+eetetttetst 


A4 e B3 

A5 e B3 e B4 
A6 e B3-5 

A7 e B3-6 

A8 e B3-7 

AD e B3-8 
Al0 e B3-9 
All e B3-10 
Al2 e B3-11 
AO e B3-12 


Al e B3-12 e BO 
A2 e B3-12 e BO e Bl 


AlO e B9 

All e BY e B10 
Al2 @ BI-11 

AO e B9-12 

Al e B9-12 e BO 
A2 e B9I-12 e BO e Bl 
A3 @ B9-12 e BO-2 
A4 e BI-12 e BO-3 
A5 e B9-12 e BO0-4 
A6 e B9-12 e BO-5 
A7 e B9-12 e BO-6 
A8 e B9-12 e BO-7 


produce active LO results. 
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12CI-O Divide (Block Diagram). 


LOGIC SYMBOL 


LEFT SHIFTED @NE 
DNI(O-3) 


QSI 44 @) AND SIGN 
DNSI 43 RGTR AND 


QNE'S 
QCNTO) 34 TEST 
TOCPII 46 


TOCEI 35 
XBSGN. 45 | 
aes: 


DNF (O-3) 


ADD/ 
SUBTR 


GENERATE 
af GP 


OUTPUT 
MUX 
30. 
AND ZERQ 


EXTEND ROC=S) 


ee) ae | ieee ——— 


BIAS L® = 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and . 
its description. 
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12CI-O Divide (ANSI Symbol). 


LOGIC SYMBOL 


Like re ies LAB,Co7E carey |. 
Hee “eld x03 


etal eset. 


GG 
= tes uf ts 
tes i He 
S* "he Saree lel 
LABC>7P | REWATROER 


CLFC 
N@NE 


BIAS L® 
BIAS HI 


OPERATIONAL DESCRIPTION 


The 12CI array contains the majority of the logic required for a divide network and 
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12CI-0 (Cont “d) 


has two somewhat independent functional areas. The two areas are the Quotient/Sign Register 
with its associated circuits (top one third of the symbol), and the Dividend/Carry and 
Divisor/Sign Registers and their associated circuits (bottom two thirds of the symbol). The 
only internal connections between these two areas are the QCNT (0-1), CLKEN, and CLCK 
control inputs which they share. 


—Quotient/Sign Register 
The Quotient Register has two 4-bit highwayed inputs. The 4 bits in the upper highway come 


from input pins DNI (0-3) and are clocked into the register when control inputs QCNT (0) and 
CLOCK are both LO. Clock is the AND of the active LO CLKEN input and the transition to LO 
of the CLCK input. 


The most-significant 3 bits of the lower highway (bits 0-2) connect internally to the QO 
(1-3) outputs. This internal feedback path performs a left end-off shift of one bit 
position. The least-significant bit (bit 3) enters on input pin QSI. The lower highway is 
clocked into the Quotient Register when QCNT (0) is HI and CLOCK is LO. 


‘The DNSI input is clocked into the Sign Register when CLOCK is LO. 


The output of the Quotient Register goes two places: the One~s Complement function and an 
AND gate. The AND gate will be active when all 4 input bits are HI. Refer to the following 
paragraph for the One“s Complement function. 


One“s Complement and Two°s Complement Conversion Functions 
The output of the Sign Register is the control for the One”’s Complement function. When the 


sign is LO, gating modifier G2 gates inverted data (active HI) through the function. When 
the sign is HI, Gl gates active LO data through the function. 


The Two°s Complement function converts the one”s complement operation to a two’s complement 
operation by adding one. Control inputs TOCEI and TOCPII are ANDed to form the PLUS 1 
signal which controls the addition. The 4-bit One“~s Complement function enters the Two’s 
Complement Conversion function (ALU) where it is weighted binarily 1 through 8 and 
designated as operand A. The PLUS 1 signal is weighted as a binary 1 and designated as 
operand B. The outputs are the summation of A and B and are weighted binarily 1 through 8. 


Quotient Output Mux 

The Quotient Output Mux is a combination of a mux and an OR function. Note that gating 
modifiers G2 and Gl gate in the highways from the One”~s Complement and Two”’s Complement 
Conversion functions respectively and the sign extension input is not gated. Thus when the 
sign extension is used, Gl and G2 must be inactive. Conversely, when one of the two lower 
highways is selected, the sign input XBSGN must be inactive (HI). 


The QCNT (0-1) inputs are translated to control Gl and G2. A translation of 0 makes Gl 
active which gates the Two’s Complement Conversion output through the mux. XBSGN must be HI. 


A translation of 1 makes G2 active which gates the One“~s Complement output through the mux. 
XBSGN must be HI. 


A translation of 2 produces undefined results. 


A translation of 3 makes no gating modifiers active. Thus the XBSGN input is extended to 
the 4-bit mux output highway. This sign extension is not a part of the divide operation. 
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12CI-0 (Cont “d) 


Dividend/Carry Register 
Control inputs QCNT (1), EDNFI, and CLOCK (C) control the selection and clocking of data 


into the Dividend/Carry Register. The combination of EDNFI LO, QCNT(1) HI, and CLOCK LO 
clocks the dividend (DNF (0-3) inputs) into the Dividend Register and clears the Carry 
Register. The combination of QCNT (1) LO, EDNFI HI, and CLOCK LO clocks the remainder and 
its carry (input pins RI (0-3) and CI respectively) into the Dividend and Carry Registers. 
External control does not allow QCNT (1) and EDNFI LO at the same time. The registers clear 
when both select signals are HI and CLOCK is LO. 


Add Carry 
The 4-bit output of the Dividend Register enters the ALU, is weighted binarily 1 through 8 


and designated as operand A. The output of the Carry Register enters the ALU, is weighted a 
binary 1, and designated as operand B. The 4-bit ALU output (E0-3) is the summation of A 
and B and is weighted binarily 1 through 8. The carry output from the ALU will be LO when 
the summation of A and B are greater than 15. 


Divisor/Sign Register and One“s Complement Function 

Control input EDVSI and Clock control the Divisor/Sign Register. When EDVSI and CLOCK (C) 
are LO, the divisor (DSI (0-3) inputs) and the divisor sign (DVSSI) enter the register. 
When EDVSI is HI and Clock is LO, the register clears. 


The output from the Sign Register controls the One”s Complement function. When the sign is 
LO, gating modifier G2 gates inverted data (active HI) through the function. When the sign 
is HI, Gl gates active LO data through the function. 


Subtract/Add Generate Network 

The Subtract Generate signal will be LO when the following equation is active: 

Carry + (DO e EO) 

The Add Generate signal will be LO when the following equation is active: Carry + (DO e EO) 


Subtract and Add Networks 
The Subtract network subtracts the divisor from the dividend and produces a 4-bit remainder 
(SROO-3), a group generate (SCO), and a group enable (SGE). 


The Add network adds the divisor to the dividend and produces a 4-bit remainder (ARO 0-3), a 
group generate (ACO), and a group enable (AGE). 


The only difference between the two networks is that the subtract network inverts the 
divisor (B operand) before adding. This description will deal only with the subtract 
network. 


The subtract network consists of an ALU which produces remainder bits 1-3 and a carry 
signal, and exclusive OR and AND functions which produce remainder bit 0, a group generate 
Signal, and a group enable signal. 


Dividend bits 1-3 (E1-3) and divisor bits 1-3 (D1-3) enter the ALU where they are each 
weighted binarily 1 through 4 and designated as operands A and B respectively. Input SG4I 
is a carry input to the ALU. It is weighted a binary 1 and designated as operand C. The 
three-bit ALU output is the summation of A, the complement of B, and C and is weighted 
binarily 1 through 4. The Carry output will be LO when the summation of A, the complement 
of B, and C is greater than 7. 


Remainder bit 0 (SROO) will be LO when the following expression is active: (EO@D0) + Carry 
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The group generate (SCO) will be LO when the following expression is active: 
Carry 


The group enable (SGE) will be LO when the following expression is active: 
(EO @ DO) + Carry) @ SRO 1-3 


Remainder Output Mux 


(EO G) DO) e 


Input pin CJCI selects one of the two remainders. When CJCI is HI, gating modifier Gl 
selects the subtraction remainder. When CJCI is LO, G2 selects the addition remainder. The 


Group Generate (GG) is an inverted (active HL) copy of the Carry Output (CO). 


60458120 E 


5 of 5 


120) 


REAL | VIRT 
PIN PIN 


ANCI 07 
CLCK 03 
CLCKEN' 01 
CLFC 51 


E1(0) 
E1(1) 
E1(2) 
E1(3) 


E1(4) 
E1(5) 
E1(6) 
EI(7) 


E1(8) 
EI (9) 
E1(10) 
E1(11) 


E1(12) 
E1(13) 
E1(14) 
NDIV 


NFC 
NGI(0) 
NGI(1) 


NGI(2) 


NGI(3) 
NGI(4) 
NGI(5) 
NGI(6) 


NGI(7) 
NGI(8) 
NGI(9) 
NG!(10) 


NGI(11) 
NGI(12) 
NGI(13) 
NGI(14) 


NGI(15) 
SNCI 
SNRCI 


AJPSS 


AKPSS 
COT(0) 
COT(1) 
COT(2) 


COT(3) 
COT(4) 
COT(5) 
SNRCO 
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12CJ-O Carry Network and Multiplexer. 


LOGIC SYMBOL 
ANCI . 04 SNRCO 


ROTETBY eo CARRY| sCARRY 
zs 4) COT NETS C@TO-5) 
No | 


CLCKEN 3 7 


NFC IS N@T F@RCE CARRY; A HI SIGNAL 
INPUT F@RCES THE CARRY. 


CLFC 
NDIV 


BIAS LO 
BIAS HI 


ae nde 


OPERATIONAL DESCRIPTION 


The 12CJ-0 contains two functional elements: a carry network and a mux. 


Carry Network 


The data portion of the carry network symbol (top), contains three input registers clocked 
by the AND of CLCK and CLCKEN. Active HI generates enter on pins NGI(0-15), active LO 
enables enter on pins EI(0-14), and an active HI force carry signal enters on pin NFC. 


The NFC register output controls OR modifier V. When V is active, it forces the carry 
output active (HI). 
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12CJ-0 


The NGI(0-15) and EI(0-14) register outputs pass through the carry network. 
carry network equation assumes active HI (+) NGI(0-15) inputs, active LO (-) EI(0-14) 


inputs, and produces an active HI result. Pins COT(0-5) are fanout copies of the same carry 


(Cont “d) 


output signal. 


COT (0-5) 


‘Mux 


t+etettetetetetreerets¢a 


NGI(0) 
NGI(1) 
NGI(2) 
NGI(3) 
NGI(4) 
NGI(5) 
NGI(6) 
NGI(7) 
NGI(8) 
NGI(9) 
NGI(10) 
NGI(11) 
NGI(12) 
NGI(13) 
NGI(14) 
NGI(15) 


EI(0) 


EIL(O) e EI (1) 


EI(0-2) 
EI(0-3) 
EI(0-4) 
EI(0-5) 
EI (0-6) 
EI(0-7) 
EI(0-8) 


Pin SNRCI selects one 
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EI(0-9) 

EI( 0-10) 
EI(0-11) 
EI( 0-12) 
EI(0-13) 
EI(0-14) 


of two active (HI) inputs to active (LO) output SNRCO. 


The following 
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12cJ-1 BDP Stream Go Control. 


LOGIC SYMBOL 


B STR PAUSE 
1 4 


NGI(12) 23 -AG) ACTIVE 


min 26 COT(4) 
EI(11) O09 -B(3) ACTIVE i= = a 


EI) |! -STR CLR 
NGIC. 1) 29 -B@) ACTIVE rt] LEN 
NGI(IO) 22 —uBlt( 26) Hsia 
oan rca) 
EI(12) 12 -A(3) ACTIVE SEU: 


Ela), 10 <BGr ACTIVE lL 14 52_COTC) 
TN 


EI(IO) 17 -uBIT(27) Wes 


CLCK _O3np 


BIAS L@ = CLCKEN, CLFC, NDIV 
BIAS HI = NGI) 
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12CJ-1 (Cont “d) 


OPERATIONAL DESCRIPTION 


The 12CJ-1 symbol contains the BDP Stream GO Control for the ADI2~-A and ADI5-A computers. 
The following equations use signal names because of the highly specialized nature of the 


12CJ-1. 
B STR PAUSE = (B STR GO + uBIT(26)) e GO 


B STR GO = STR CLR + A(3) ACTIVE + uBIT(26) + uBIT(27) +((A GO + B(3) ACTIVE 
+ A(3) ACTIVE) e B GO) 


A STR GO = STR CLR + B(3) ACTIVE + uBIT(26) + uBIT(27) + ((B GO + A(3) ACTIVE 
+ B(3) ACTIVE) e A GO) 
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12CJ-2 Multiplexer. 


LOGIC SYMBOL 
pies 


ANCI O7 5 04 SNRCO , 
SNCI_ O05 


SNRCI 06» 
pt 


NOTE: 
THERE 15 @NE CIRCUIT @F THIS TYPE @N EACH ARRAY. 
THIS CIRCUIT IS INDEPENDENT @F ANY @THER BIAS. 


OPERATIONAL DESCRIPTION 


Pin SNRCI selects one of two active (HI) inputs to active (LO) output SNRCO. 
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REAL | VIRT 
PIN PIN 


CNTL(0) 
CNTL(1) 35 V18 
CNTL(2) 42 Vv19 
FAOF 41 V36 


GOCOD(0) 17 Vvo1 
GOCOD(1) 22 Vos 
GOCOD(2) 28 Vvo9 
GOCOD(3) 32 V13 


G1COD(0) 18 V02 
GiCOD(1) 19 V06 
G1COD(2) 31 V10 
G1COD(3) 34 V14 


G2COD(0) 06 V03 
G2COD(1) 08 V07 
G2COD(2) 09 V1i1 
G2COD(3) 02 V15 


G3COD(0) 20 V04 
G3COD(1) 07 V08 
G3COD(2) 10 V12 
G3COD(3) 


GXCOD(0) 04 V46 
GXCOD(1) 05 V45 
GXCOD(2) 03 V44 
GXCOD(3) 49 Vv43 


SCNT(0) 21 V39 
SCNT(1) 24 Vv40 
SCNT(2) 26 
SCNT(3) 25 


1 of 1 


12CK-0 Normalize Count. 


LOGIC SYMBOL 


ws 


Seconerree L49_GXCQDG) 
GOC@D(O) 
GICQD(O) } 18) 


N e 
38 


BIAS L@ = NONE 
BIAS HI = RANK 2 


OPERATIONAL DESCRIPTION 


The 12CK-O receives 17 bits of data (pins N(O) - N(16)) and determines the highest-order bit 
which is different than bit N(O). It then produces a four-bit code which contains the 
weight of that bit. Sign usually enters pin N(0). 


The 12CK-0 contains three functions. The function on the left can substitute input pin 
GOCOD(0) for pin N(O) and complement bits N(1-16). The middle function can modify the data 
entering the priority coder. The function on the right is the priority coder. 


Sign Select and Complement Control 
The function on the left selects between the two sign inputs, N(0) and GOCOD(O) and 


complements the data on pins N(1-16) when the selected sign is LO. 


When GICOD(0) is HL, pin N(O) controls gating modifiers GO and Gl. When GICOD(0) is LO, pin 
GOCOD(0) controls GO and Gl. 


When the selected sign is LO, Gl is active and inputs N(1-16) are complemented (gated in 


active HI). When the selected sign is HI, GO is active and inputs N(1-16) are gated in 
active LO. 


Data Modify 
The function in the center modifies data bits N(1-16) under the control of CNTL(0-2). 


Translations of CNTL(0-2) control gating modifiers GO-3 and OR modifier Vl. 
A translation of 0 activates GO and G3. This gates N1-16 to the priority coder. 


A translation of 1 activates Gl and Vl. Gl gates input FAOF into the N15 bit positon and V1 
forces N16 LO. Also, since GO is not active, bits N1-14 are not gated and become zeros. 
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A translation of 2 activates Gl and G3. Gl gates input FAOF into the N15 bit position and 
G3 gates N16. Bits N1I-14 are not gated and become zeros. : 


A translation of 3 activates G2 and Vl. G2 gates input MDOF into the N15 bit position and 
Vl forces N16 LO. Bits N1-14 are not gated and become Zeros. 


A translation of 4 activates G3 which gates N16. N1-15 are not gated and become zeros. 


Translations of 5-7 do not activate any modifiers and therefore N1-16 become zeros. 


Priority Coder 
The X MAX -> Y function receives data bits N1-15 which are weighted 15-1 respectively (Nl is 


the most-significant bit). The priority coder produces a code which contains the weight of 
the highest order active (LO) bit. 


The DATA output will be LO when any input (N1-16) is LO. 
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12CK-1 Normalize Count. 


LOGIC SYMBOL 


5160000 7" 
SCNT(O-3) 
sac0000- 7 4) 
SECON an 


oe GXC@D(S 
Die GXC@D(O) 


[05 _GXCQDU 
[51 DATA 


BIAS L 
BIAS H 


He 
vou 
TI 


AQF, N(O), NG-16) 


OPERATIONAL DESCRIPTION 


The 12CK-1 contains two functions: a four-input mux (top function), and a priority coder 
(bottom function). 


Mux 
The highest-order active input, among input pins N(1-4), selects one of four~-input highways 
through the mux. 


N(1-4) enter a priority coder in the common control block of the mux function. They are 
weighted binarily 1-8 with N(1) as the most-significant bit. 


The inputs and outputs of this priority coder are weighted the same so there will be only 
l-bit active in the output for any input code. Gating modifier G4 is active when N(1) is 
active. G3 is active when N(2) is the highest-order active bit. G2 is active when N(3) is 
the highest-order active bit. Gl is active when N(4) is the highest-order active bit. 


Gi-4 select one of four input highways to output highway SCNT(0-3). 
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ee 


Priority Coder 

Inputs N(1-3) enter the priority coder (X MAX -> Y in the lower function) and are weighted 
3, 2, and 1 respectively. N(1) is the most-significant bit. The priority coder outputs a 
2-bit code which contains the weight of the most-significant active (LO) bit. Each bit of 
the code (GXCOD(2-3)) can also be forced active by the OR modifier V. Refer to the Priority 
Coder Control paragraph for a description of V. 


Inputs N(1-4) enter an OR function with three outputs, GXCOD(0-1) and DATA. When gating 
modifier G3 is active, all three outputs are copies of the state of the OR function. The OR 


function will be active if any of its inputs are active (LO). Refer to the Priority Coder 
Control paragraph for a description of G3. 


Priority Coder Control 
Pins CNTL(0-2) are translated and along with MDOF and DATA, control OR modifier V and gating 
modifier G3. 
V is active when the following equation is satisfied: 

Translation of 4 e MDOF + Translation of 2 e DATA 


When V is active, it forces outputs GXCOD(2-3) active (LO). 


G3 is active when V is not active, G3 gates outputs GXCOD(0-1). 
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12CL-0 Exponent Arithmetic Mux/Adder (Block Diagram). 


LOGIC SYMBOL 


= NONE 
= EXPN, EC(O-1), CS, CU@-1) 


BIAS LY 
BIAS HI 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 
its description. 
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12CL-O Exponent Arithmetic Mux/Adder (ANSI Symbol). 


LOGIC SYMBOL 


C10 A 
iden 


INPUT MUX UNBIAS AND F@RCE ZER@ 


A _@PERAND BITS 


UNBIAS 
CONTROL_B 
: q Tt BIAS SELECT/ 


fe F@RCE COMP 
ial COMP IN _INV__ | 
. a a . 


ERROR DETECTIQN 


CONTROL 
UB3 W@ UNBIAS) 
UNBIAS CQDE | UB2__ (C180 _UNBIAS B) 
, UB! (C170 _UNBIAS A AND B) 
[ UBO_(CI7O UNBIAS B) 


ADDER CODE 2 XPT 5 KAC2 (COPY PER Cue) 
@) | iB ACI (SUBTRACT) 


(0-1) 


AC(O-~1) 
| 2C3 (C180 BIAS) 


xy 
Bcto-1) aah | CeDE =e Pace C170 BIAS) 
POC] FORCE COMPLEMENTI 


Kel 3 PC3 (ARRAY @PERATING @N BITS 7-9) 
PC(O-1) POSITION CQ@DE 2 2 PC2 (ARRAYS @PERATING @N BITS 10-i2 AND 13-15) 
@ | ; KPCI G@RRAY OPERATING @N BITS 1|-3) 
Lf gee opeco @RRAY @PERATING ON BITS 4-6) 
n 


N@NE 
EXPN, EC(O-1), CS. CULQ-1} 


BIAS L@ 
BIAS HI 


not 
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OPERATIONAL DESCRIPTION 


The 12CL-O performs a variety of exponent arithmetic functions in the Arithmetic and Logical 
Network (ALN) area of the CYBER 170 Model 855 central processor. 


The 12CL-O performs the following functions: 
e Adds or subtracts C170 or C180 exponents. 
e Adds an integer to a C170 or C180 exponent. 


e Copies one of two input operands to the output based on an external signal and removed 
the bias. 


e Detects C170 and C180 exponent overflow and underflow. 


Five 12CL-0 arrays operate on bits 1-15 of the 16-bit exponents. Exponent bit O is the 
coefficient sign and is used for control. Each 12CL-O array operates on 3 data bits. 


The Operational Description for the 12CL-O divides into three major subjects. First there 
are descriptions of the inputs and outputs. Second are descriptions of C1/70 and C180 biased 
exponent format and bias removal. Third there are descriptions of the operations of each of 
the 6 functional areas of the 12CL-0. 


Inputs 


This description deals with the inputs in the context of a 15-bit network with each 12CL-0 
array operating on a 3-bit slice. The most-significant array operates on bits 1-3, the next 
lower array operates on bits 4-7, etc. The following descriptions therefore deal with the 
inputs to all five 12CL-O arrays. 


AS Input 

The C170 bias bit associated with the exponent on the A inputs enters pin AS on the 
most-significant array. The coefficient sign associated with the exponent on the A inputs 
enters pin AS on all other arrays. 

BS Input 

The C170 bias bit associated with the exponent on the B inputs enters pin BS on the 
most-significant array. The coefficient sign associated with the exponent on the B inputs 
enters pin BS on all other arrays. 


CON(0-2) Inputs 


A 15-bit integer representing the normalize count enters the CON(0-2) inputs (3 bits per 
array). 


C(0-2) Inputs 


A 12-bit integer representing the Address Control shift count enters the C(0-2) inputs. The 
most~significant 3 bits are extended with zeroes. 
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A(0O-2) and B(0-2) Inputs 


Fifteen-bit exponents enter the A(0-2) and B(0-2) inputs. The exponents will both be in 
either C170 or C180 biased format. Refer to the C170 and C180 Exponent Format and Bias 
Removal paragraphs. 


MC(0-3) Inputs 


A 4-bit mux code enters pins MC(0-3). This mux code is translated to control the Input 
Mux. The same code connects to all five arrays. 


CU(2) Input 


A control signal which, when HI, indicates that the exponent on the B inputs is greater than 
the exponent on the A inputs enters pin CU(2). The 12CL-O arrays use this signal during a 
copy operation to select the larger of the 2 exponents. The Force Zero function in the 
12CL-O performs the selection. The same input signal connects to all 5 arrays. 


CI Input 


Individual carry inputs from an external carry network enter pin CI of each array. 
UBC(O0-1) Inputs 


A 2-bit unbias code enters pins UBC(0-1). The same code enters each array. The unbias code 
is translated and helps control the Input Mux and A and B Unbias Networks. Annotation on 
the output of each translation indicates its use. 


AC(O-1) Inputs 


A 2-bit adder code enters pins AC(0-1). The same code enters each array. The adder code is 
translated and helps control the B Unbias Network and the Force Zero function. Annotation 
on the output of each translation indicates its use. 


OC(0-1) Inputs 
A 2-bit output code enters the OC(0-1) inputs. The same code enters each array. The output 


code is translated and helps control the Result Bias Network. Annotation on the output of 
each translation indicates its use. 


PC(O-1) Inputs 

A 2-bit position code enters the PC(0-1) inputs. There is a unique position code biased for 
each array in the network with the exception of the 2 lowest-order arrays. Both low-order 
arrays receive the same position code. The position codes make each array in the network 
interpret the other controls properly for each group of bits in the network. The position 
code is translated and annotation on the output of each translation indicates the array 
position in the 15-bit network. 

INV Input 


The result sign enters pin INV on each array. INV helps control the Result Bias Network. 
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Outputs 


This description deals with the outputs in the context of a 15-bit network with each array 
operating on a 3-bit slice. The following descriptions therefore deal with the outputs from 
all five 12CL-0 arrays. 


GT and GG Outputs 


Enable (GT output) and generate (GG output) leave each array in the network and go to an 
external carry network. 


R(O0-2) Outputs 


The 15-bit result leaves the network on pins R(0-2), 3 bits from each array. This 15-bit 
result can be in any one of three formats, C180 exponent format, C170 exponent format, or a 
\5-bit integer. When the result is in C170 exponent format, the highest-order 4 bits (bits 
1-4) are undefined. The result coefficient sign must be inserted in these bit positions 
external to the 12CL-0 arrays as required. 


ER1L and ERIF Outputs 

The ER] and ERIF outputs are copies of the same overflow signal. The output from the 
most-significant array in the network (position code 1) is C180 Overflow. The output from 
the next lower array (position code 0) is C170 Overflow. These outputs are not used on the 
three least-significant arrays. 

ER2 and ER2F Outputs 

The ER2 and ER2F outputs are copies of the same underflow signal. The output from the 
most-significant array in the network (position code 1) is C180 Underflow. The outputs from 


the next lower array (position code 0) is C170 Underflow. These outputs are not used on the 
three Least-significant arrays. 


OUF170 Output 


The OUF170 output is the OR of C170 Overflow and C170 Underflow and is used only on the 
second most-significant array (position code 0). 


C170 Exponent Format 
EXPONENT BIT NUMBERS | Co Oe “So Bop BPS 10 At: F213. 4 PD 
C170 EXPONENT FORMAT CS CS CSicS B E]E E EE E€ EE E € 


$e Fe FE IF EF | Be SE SS 
P@SITION CODE | 0 3 2 2 


N@TES: |. CS = COEFFICIENT SIGN 
Ge “BS CL(O BLAS BLT 
3. E = DATA PORTION @F C170 EXP@NENT 
4. THE EXPONENT BIT NUMBERS BETWEEN THE VERTICAL LINES SHOW THE BIT 


DISTRIBUTI@N AMONG THE FIVE ARRAYS. 


9. THE POSITION C@DE SH@WN FOR EACH 3-BIT GR@UP IS THE TRANSLATION OF 
THE 2-BLT POSITION CQDE BIASED INDIVIDUALLY F@R EACH ARRAY. 


60458120 F 5 of 10 


12CL-0 (Cont“d) 


C170 Bias Removal 


The 12CL-0 array removes the C170 bias under the control of the Coefficient sign. The 
coefficient sign controls the C170 bias bit opposite to bits 6-15. When the coefficient 
sign is negative (LO) exponent bits 6-15 are complemented and bit 5 is not. When the 
coefficient sign is positive (HI), exponent bits 6-15 are not complemented and bit 5 is. 


The 12CL-O0 array extends the C170 bias bit (bit 5) to the left 1l-bit position (bit 4) and 
then treats both bits the same when removing the bias. The 12CL-0 also makes bits 1-3 equal 
to the unbiased state of bits 4 and 5. This has the effect of extending unbiased bit 5 all 
the way to the left. 


C180 Exponent Format 


EXP@NENT BIT NUMBERS eB - A AB RS ce On ee hes se lee eS 
C180 EXP@NENT FORMAT De 3h. aksdbe cE Eades TE GES rE. sie EGE ey. TE 
Da NE ce a ee ee 
P@SITION CQDE | Ce) > C 2 


N@TES: 1. = C180 BIAS BIT 
e. = A STATUS FIELD WHICH INDICATES AN IN-RANGE @R @UT-@F-RANGE 
EXP@NENT. THE CI180 BIAS BIT AND STATUS BITS G@ THR@UGH THE 
ADDER @N THE ARRAY LIKE DATA. 
3. E = DATA P@RTI@N OF THE CI80 EXP@NENT 


4. THE EXP@NENT BIT NUMBERS BETWEEN THE VERTICAL LINES SH@W THE BIT 
DISTRIBUTI@N AMONG THE FIVE ARRAYS. 


5. THE P@SITI@N C@DE SH@WN FOR EACH 3-BIT GR@UP IS THE TRANSLATION OF 
THE 2-BIT P@SITI@N C@DE BIASED INDIVIDUALLY F@R EACH ARRAY. 


12. O FORMATS 


C180 Bias Removal 


The 12CL-0 removes the C180 bias by complementing the C180 bias bit (bit 1). 


Input Mux 


The data portion of the Input Mux divides into two major parts, the A operand mux (top two 
OR functions) and the B operand mux (bottom two OR functions). 


When gating modifiers select integers through these muxes, the integers pass unaltered. 
Note that Gl selects all 3 bits of the CON(0-2) inputs to the output of the A operand mux 
and G10 selects all 3 bits of the C(0-2) inputs to the output of the B operand mux. 


When gating modifiers select exponents however, the most-significant bit has different 
gating than the 2 least-significant bits. This is because when a C170 exponent is selected, 
the muxes on the array in position code 0 must extend the C170 bias bit to the left Il-bit 
position. The C170 bias bits enter that array on input pins A(1) and B(1). 
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Unbias codes of 0 and 1 and position code 0 control the C170 bias bit extension. Note in 
the lower part of the common control block that G4 and G8 will both be active when unbias 
code 1 and position code 0 are both active. Unbias code 1 indicates that both exponents are 
C170 and position code 0 is active for the array which operates on the C170 bias bits. G4 
and G8 gate the C170 bias bits into bit 0 of the A and B operand outputs of the muxes. 


G8 is active and G4 inactive when unbias code 0 and position code 0 are both active. Unbias 
code 0 indicates that only the B operand is receiving a C170 exponent. 


When unbias codes of 2 or 3 are active (C180 exponent or no unbias) UBO and UBl are both 
inactive making G13 and G14 active. G13 active indicates that the A operand is not a C170 
exponent or this is not the array at position code 0. G14 active indicates that the B 
operand is not a C170 exponent or this is not the array at position code 0. G13 and G14 are 
used to control gating modifiers G3 and G7 (output of mux code translator). 


Each mux code translation selects a pair of operands, one to the A operand mux outputs and 
one to the B operand mux outputs. 


Mux code translations of 0, 4, 6, 7 and 11-15 produce undefined results. 


A mux code translation of 1 activates gating modifier Gll. G11 selects bits 1 and 2 of the 
exponent on input highway B. Gating modifiers G7 and G8 select bit 0. G7 is active when 
there is a mux code translation of 1 AND G14 is active. G7 therefore gates input bit 0 to 
output bit 0 (no extension). G8 is active when G14 is inactive. G8 therefore gates input 
bit 1 to output bit 0 extending the C170 bias bit to the left 1l1-bit position. 


A mux code of 1 does not activate any gating modifiers in the A operand mux. Therefore the 
A operand is forced to zero. 


A mux code translation of 2 activates G5 and Gll selecting exponents to both the A and B 
operands. A translation of 2 also selects G3 when G13 is active and G7 when G14 is active. 
Otherwise, G4 and/or G8 extend C170 bias bits. 


A mux code translation of 3 activates G10 only. This selects an integer to the B operand 
and nothing (zeros) to the A operand, 


A mux code translation of 5 activates no gating modifiers and therefore gates zeros to both 
A and B operands. 


A mux code translation of 8 activates Gl and G10. This selects integers to both operands. 


A mux code translation of 9 activates Gl and Gll. This selects an integer to the A operand 
and an exponent to the B operand. G/ and G8 control the C170 bias bit extension. 


A mux code translation of 10 activates Gl only. This selects an integer to the A operand 
and nothing (zeros) to the B operand. 
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Unbias and Force Zero 


The Unbias and Force Zero area divides into three major networks, the A Unbias Network with 
its associated control, the B Unbias Network with its associated control and the Force Zero 
network. 


A Unbias Network 


The A Unbias Network removes C170 bias and, on the array at position code 1, makes all 3 A 
operand bits equal to the unbiased state of the C170 bias bit. Refer to the C1/0 Bias 
Removal paragraph. The A Unbias network passes integers and C180 exponents through 
unaltered. 


C170 Unbias Control A produces complement signals which control each A operand bit. Gating 
modifier Gl gates the C170 Unbias Control A output to the complement signals. Therefore 
when Gl is inactive, all complement signals are HI and the A operand passes through the 
Exclusive OR functions in the A Unbias Network unaltered. Unbias code 1 (UB1) controls Gl 
and is LO when a C170 unbias operation is necessary. When UB1 is LO, position codes of 0 
and 1 and input AS control the C170 unbias operation. 


The array at position codes 2 and 3 (PCO and PCl both HI) complement all 3 A operand bits 
when AS (coefficient sign) is LO. 


The array at position code 0 (PCO LO and PCl HI) complements bit 2 when AS is LO and 
controls bits 0 and 1 opposite to bit 2. Bits 0 and 1 are C170 bias bits. When the C170 
Unbias Control A complements bit 2, it does not complement bits 0 and 1. When the C170 
Unbias Control A does not complement bit 2, it does complement bits 0 and l. 


The array at position code 1 (PCO HI and PCl LO) complements all 3 A operand bits when AS 
(C170 bias bit) is HI. In position code 1 the 3 A operand bits are equal to coefficient 
sign as they enter the A Unbias Network. Following the unbias operation they are equal to 
the C170 bias bit with the bias removed (i.e. equal to the unbiased state of bits 0 ang. 1 in 
the array at position code 0). 


B Unbias Network 


The B Unbias Network removed C170 bias, aids in the extension of C170 bias bits to all B 
operand bits in the array at position code 1, removes C180 bias, complements the B operand 
for subtract operations, and passes integers through unaltered. 


The B Unbias Select network produces complement signals which control all B operand bits. 
Unbias codes of 0 or 1 activate gating modifier G2 which selects C170 unbias complement 
signals. Unbias code 2 activates Gl which selects the C180 unbias complement signal. An 
unbias code of 3 makes both Gl and G2 inactive blocking the C170 and C180 unbias controls. 
Adder code 1, (AC1) is LO for a subtract operation and therefore inverts the complement 
control. When ACI] is HI it does not invert the complement control. 


The C170 Unbias Control B operates the same as the C170 Unbias Control A (refer to the A 
Unbias Network) except for the unbias codes. The unbias codes control the B Unbias Select 


network. 


The C180 unbias operation complements the C180 bias bit which is B operand bit 0 in the 
array at position code l. 


60458120 B 8 of 10 


12CL-O (Contd) 


Force Zero Network 


Gating modifiers Gl and G2 are normally both active selecting both operands through the 
Force Zero network. An adder code of 2 and input pin CU(2) control gating modifiers Gl and 
G2. When AC2 is HI, both AND gates are inactive making Gl and G2 active. When AC2 is LO, 
CU(2) makes one of the two AND gates active making the gating modifier in its output 
inactive. When Gl is inactive it forces the B operand to zero. When G2 is inactive it 
forces the A operand to zero. , 


Adder 


The adder is composed of 2 groups of circuits, an ALU which produces the sum (S0-2) and 
generate (GG) signals, and 2 circuits which produce the enable (GT) signal. 


A operand bits 0-2 enter the ALU where they are weighted binarily and designated as operand 
A. B operand bits 0-2 enter the ALU where they are weighted binarily and designated as 
operand B. The carry input (input pin CI) enters the ALU where it is given a binary weight 
of 1 and designated as operand C. 


The output of the ALU (SO-2) is weighted binarily and is the summation of A, B, and the 
complement of C. . 


The ALU also produces a generate signal which is HI when the summation of A and B is less 
than 7. 


An OR function and an AND function produce the enable signal. The enable signal is HI when 
all 3-bit positions are enabled. A bit position is enabled when either or both of the 
operand A and B bits in that bit position are HI (zeros). 


Note that no position codes enter the adder. Therefore the adder operates the same for each 
array in the 15-bit network. 


Bias 


The Result Bias Network can pass operands unaltered, add C170 or C180 bias, or 
force-complement the result. 


The Bias Select/Force Complement network produces complement signals which control each 
result bit. Output codes 1, 2, and 3 control the type of operation, Force Complement, C170 
Bias, or C180 Bias respectively. 


When OCl1 is LO, OR modifier V is active and forces all three complement signals LO. This 
complements all 3 result bits in the Result Bias Network. When OCl is HI, V is inactive and 
has no effect on the complement signal. 


When OC2 is LO, gating modifier G2 is active and selects C170 bias. The INV input (result 
sign) and position code 0 control the C170 bias operation. When the result sign is LO, all 
result bits are complemented except for the C170 bias bit. The C170 bias bit is bit 1 on 
the array at position code 0. When the result sign is HI, only the C170 bias bit is 
complemented. 


Where OC3 is LO, gating modifier Gl is active and selects C180 bias. A C180 exponent is 


biased by complementing the bias bit. The C180 bias bit is bit O on the array at position 
code l, 


60458120 B 9 of 10 


12CL-0 (Contd) 


Error Detection 


Position code 1 selects between C170 and C180 error detection. The array of position code 1 
(most~significant array) detects C180 overflow and underflow. The next lower array detects 
C170 overflow and underflow. The error detection outputs from the 3 least-significant 
arrays are not connected. Therefore PCl selects between the top 2 arrays. 


C180 Error Detection 


The C180 error detection is relevant only when a biased C180 exponent goes through the 
adder. This can happen when the Input Mux selects a C180 exponent for the A operand. (Note 
that the A Unbias Network does not remove C180 bias.) Or the Input Mux selects a C180 
exponent for the B operand and does not unbias it (Unbias code of 3). 


When a biased C180 exponent is added to an unbiased quantity, the result is a biased C180 
exponent. Adder outputs SO-2 on the array at position code 1 are the C180 bias bit (SO) and 
the 2 status field bits (Sl, $2). These 3 bits indicate an in-range or out-of-range 
condition. 


When the 2 status bits are different and the C180 bias bit is LO, there is a C180 overflow. 
When the 2 status bits are different and the C180 bias bit is HI, there is a C180 underflow. 
C170 Error Detection 

The C170 error detection is relevant only when the adder output is an unbiased C170 
exponent. At this point (exponent not biased) bits S0-2 on the array at position code O are 
the 2 bits immediately above (more significant than) the data portion of the C170 exponent. 
When the unbiased C170 exponent is in-range, both these bits are the same. When the 
arithmetic operation causes a carry out of the data portion of the exponent into Sl, an 
out-of-range condition exists. 


When SO is HI and SO and SI are different, there is a C170 overflow. 


When SO is LO and SO and S1 are different, there is a Cl1/0 underflow. 


Control 


The outputs from the control translation functions are all annotated for the reader“s 
benefit even when the 12CL-O does not need a signal from that translation. For example, an 
unbias code translation of 3 causes no unbias operation. The 12CL-0 does not need that 
signal because when the unbias code translates a 3, the inactive (HI) states of the 0-2 
translations block the unbias operation. 


Refer to the Input paragraphs for descriptions of the control inputs. 
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LOGIC SYMBOL 


+ENABLE 24 GT 


AC() SUBTRACT 
UBCO=D UNBIAS CODE 


CONTROL 
PC(O-1) O) POSITION CODE 


@C(O-1) QUTPUT C@DE 
EC(O-1) ERROR CODE 
©) 


BIAS L@ = EXPN 
BIAS HI = AC(Q) 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI symbol and 


its description. 
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12CL-l1 Exponent Count Arithmetic (ANSI Symbol) 
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OPERATIONAL DESCRIPTION 


The 12CL-1 performs a variety of arithmetic functions on integers and exponents to determine 
the shift count used for operand alignment in the Arithmetic and Logical Network (ALN) area 
of the CYBER 170 Model 855 central processor. 


The 12CL-1 performs the following functions: 
e Adds an integer to C170 or C180 exponents. 
r Calculates the absolute value of the difference between two C170 or C180 exponents. 


e Adds or subtracts pairs of integers. The 12CL-1l array can also modify the amount of 
sign extension on one of the two integers. 


© Force complements the result. 


Five 12CL-1 arrays operate on bits 1-15 of the 16-bit exponents. Exponent bit 0 is the 
coefficient sign and is used for control. Each 12CL-1 array operates on 3-data bits. 


The Operational Description for the 12CL-1 divides into three major subjects. First there 
are descriptions of the inputs and outputs. Second is a description of C170 and C180 biased 
exponent format and bias removal. Third, there are descriptions of the operations of each 
of the 6 functional areas of the 12CL-1. 


Inputs 


These descriptions deal with the inputs in the context of a 15-bit network with each 12CL-1 
array operating on a 3-bit slice. The most-significant array operates on bits 1-3, the next 
lower array operates on bits 4-7, and so forth. The following descriptions therefore deal 
with the inputs to all 5 12CL-1 arrays. 


AS Input 

The C1/0 bias bit associated with the exponent on the A inputs enters pin AS on the 
most-significant array. The coefficient sign associated with the exponent on the A inputs 
enters pin AS on all other arrays. 

BS Input 

The C170 bias bit associated with the exponent on the B inputs enters pin BS on the 
most~significant array. The coefficient sign associated with the exponent on the B inputs 
enters pin BS on all other arrays. 

CON(0-2) Inputs 

A 7-bit integer representing a literal shift count enters the CON(0-2) inputs. These 7 bits 


are right-justified and extended with HIs to make a 15-bit integer. Each 12CL-1 array 
receives a 3-bit slice of the 15-bit integer. 
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CU(0-2) Inputs 


A 6-bit integer representing the most-significant 6-bits of the Address Control Shift Count 
enters the CU(0-2) inputs. The 6 bits occupy bits 10-15 of a 15-bit integer. Bit 9 of the 
15-bit integer is the sign of the shift count and is biased HI. 


The remaining bits (1-8) of the 15-bit integer are not used for arithmetic operations in the 
12CL-1 arrays. They control the Shift Fault Detection functions in the lower right portion 
of the symbol. Each 12CL-1 array receives a 3-bit slice of the 15-bit integer. The 
following figure shows the format of the 15-bit integer. 


CU INPUT FORMAT 


BIT NUMBER @F THE f oe “Blew 9B se tor: om “SO <a Teas ie 5 


15-BIT INTEGER 
ADDRESS CONTROL SHIFT 

COUNT BITS 0-5 G! @|3 4 5 
SHIFT COUNT SIGN : 

BIASED HI 


SHIFT FAULT DETECTION 
CONTROL AAAL b Lfe t 
P@SITIGN C2DE ———> | 0 3 2 2 


NOTES: |. L = BIASED L@, H = BIASED HI. 


2. THE I5-BIT INTEGER BIT NUMBERS BETWEEN THE VERTICAL LINES SHOW 
THE BIT DISTRIBUTI@N AM@NG THE FIVE !2CL-| ARRAYS. 


THE POSITION CODE SIWWN FOR EACH 3-BIT GROUP IS THE TRANSLATION 
QF THE 2-BIT POSITIUN CODE BIASED INDIVIDUALLY F@R EACH ARRAY. 


THE SIGNAL ENTERING BIT | INDICATES. WHEN L@. THAT BITS 4-6 @F THE 
15-BIT ADDER @UTPUTS ARE ALL L® (ONES). THE 15-BIT ADDER QUTPUT 
REFERS T@ THE ADDER OUTPUTS FROM ALL 5 !2CL-I ARRAYS. REFER TQ 

THE ERIF @UTPUT PARAGRAPH. 


3. 
/\ THE SIGNAL ENTERING BIT 2 INDICATES. WHEN L@. THAT BITS Tf AND 8 
QF THE 15-BIT ADDER OUTPUTS ARE BOTH L@ (@NES). REFER TQ THE ERIF 
QUTPUT PARAGRAPH. 


THE SIGNAL ENTERING BIT 3 INDICATES. WHEN L@. THAT BITS 4-6 OF 


THE 15-BIT ADDER QUTPUTS ARE ALL HI (ZER@S). REFER T@ THE ER2F 
QUTPUT PARAGRAPH. 


c(0-2) Inputs 


A 6-bit integer representing the least-significant 6 bits of the Address Control Shift Count 
enters the C(0-2) inputs. These 6-bits are right-justified and sign-extended to make a 
15-bit integer. Each 12CL array receives a 3-bit slice of the 15-bit integer. 


A(0-2) and B(0-2) Inputs 
Fifteen-bit exponents enter the A(0-2) and B(0-2) inputs. The exponents will both be in 


either C170 or C180 biased format. Refer to the C170 and C180 Exponent Format and Bias 
Removal. 
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CS Input 


The sign of the Address Control Shift Count enters pin CS on the most-significant four 
arrays. Pin CS on the least-significant array is biased HI. 


MC(0-3) Inputs 


A 4-bit mux code enters pins MC(0-3). This mux code is translated to control the Input 
Mux. Three sets of mux codes feed the 5 12CL-1 arrays. One set of mux code bits controls 
the most-significant 3 arrays (bits 1-9). A second set of mux code bits controls the 
next-lower array (bits 10-12), and a third set of mux code bits controls the 
least-significant array (bits 13-15). 


CI Input 


Individual carry inputs from an external carry network enter pin CI of each array. 
UBC(0-1) Inputs 


A 2-bit unbias code enters pins UBC(0-1). The same code enters each array. The unbias code 
is translated and helps control the Input Mux and A and B Unbias Networks. Annotation on 
the output of each translation indicates its use. 


AC(1) Input 


The signal which enters pin AC(l) is HI for add operations and LO for subtract operations. 
The AC(1) input helps control the B Unbias Network. 


OC(0-1) Inputs 


A 2-bit output code enters the OC(0-1) inputs. The same code enters each array. The output 
code is translated and helps control the Complement network. Annotation on the output of 
each translation indicates its use. 


PC(0-1) Inputs 


A 2=bit position code enters the PC(0-1) inputs. There is a unique position code biased for 
each array in the network with the exception of the two lowest-order arrays. Both low-order 
arrays receive the same position code. The position codes make each array in the network 
interpret the other controls properly for each group of bits in the network. The position 
code is translated and annotation on the output of each translation indicates the array 
position in the 15-bit network. 


EC(0-1) Inputs 


A 2-bit error code enters the EC(0-1) inputs. The error code is translated and helps 
control the Shift Fault Detection function. Annotation on the output of each translation 
indicates its use. 


INV Input 
Input pin INV serves two purposes. On the most-significant array INV helps control the 
Shift Fault Detection functions. On the four least-significant arrays INV helps control the 


complementing of the result when that result is the absolute value of the difference between 
2 exponents. 
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Pin INV on the most-significant array connects to a signal which, when LO, indicates that 
bits 7 and 8 of the result output from the adder are both O”°s. Shift Fault Detection 
functions on the most-significant array use this signal along with similar information on 
pins CU(0-2) and the adder output, to determine if the shift count is greater than 127. The 
Shift Fault Detection paragraphs describe the use of this control. 


Pin INV has the following connections on the four least-significant arrays (in descending 
order of significance): Bias LO, Bias HI, Result Sign, Result Sign. The Result Bias 
Network paragraphs describe the use of this control. 


Outputs 


These descriptions deal with the outputs in the context of a 15-bit network with each array 
operating on a 3-bit slice. The following descriptions therefore deal with the outputs from 
all five 12CL-1 arrays. 


GT and GG Outputs 


Enable (GT output) and generate (GG output) signals leave each array in the network and go 
to a carry network which is external to the 12CL-1 arrays. 


R(O-2), RF, NR, and NRF Outputs 

The 15-bit result leaves the network on pins R(0-2), 3 bits from each array. Since the 
result is a shift count with a maximum value of 127, the lowest-order 7 result bits (9-15) 
contain the shift count. Bits 1-8 are all result sign. 

Output pin RF is a copy of the R(2) output. 

Output pins NR and NRF are both copies of the complement (active HI) of the R(2) output. 


ERIF Output 


The ERIF output is used only on the arrays operating on bits 4-6 (position code 0) and 7-9 
(position code 3). 


The ERIF output on the array at position code 0 is LO when the adder result bits 4-6 are all 
ones. This signal connects to input pin CU(0) on the most-significant array (position code 
1). 


The ERIF output on the array at position code 3 is LO when the adder result bits 7 and 8 are 
both LO (ones). This signal connects to input pin CU(1) on the most-significant array. 


ER2F Output 


The ER2F output is used only on the arrays operating on bits 4-6 (position code 0) and 7-9 
(position code 3). 


The ER2F output on the array at position code 0 is LO when the adder result bits 4-6 are all 


HI (zeros). This signal connects to input pin CU(2) on the most~significant array (position 
code 1), 


60458120 B 6 of 14 


12CL-1 (Cont “d) 


The ER2F output on the array at position code 3 is LO when the adder result bits 7 and 8 are 
both HI (zeros). This signal connects to input pin INV on the most-significant array. 


ER1 and ER2 Outputs 

The ER1 and ER2 outputs are used only on the most-significant array (position code 1). 

The ER] output is HI when there is a shift fault. A shift fault exists when the adder 
result is greater than 127 (bits 1-8 are not all alike). The 8 most~-significant bits should 


all be sign and therefore all alike. 


The ER1 output is also HI when the sign of the result is negative or the C180 exponent on 
the B inputs is negative. These are also shift faults. 


The ER2 output is the same as the ERI] output except that it can be forced HI with an error 


code translation of l. 


C170 Exponent Format 


EXP@NENT BIT NUMBERS be. Bae CB Boe ABE SOs I Ree Se EAS RS 
C1 7O EXPONENT FORMAT Go. CS, CSCS BY deyhE UE CBee sho SEY BE. 2k 
a a Ne ee ee 


POSITION CQ2DE —————> | Q 5 a ‘a 
N@TES: |. CS = CQEFFICENT SIGN 
c. B = CifO BIAS BIT 
3. E = DATA PORTION @F Cl TQ EXPONENT 
4. THE EXPONENT BIT NUMBERS BETWEEN THE VERTICAL LINES SH@W THE BIT 


DISTRIBUTIQN AM@NG THE FIVE ARRAYS. 


5. THE POSITION C@DE SHOWN FOR EACH 3-BIT GR@UP IS THE TRANSLATION @F 
THE 2-BIT POSITI@N C@DE BIASED INDIVIDUALLY F@R EACH ARRAY. 


C170 Bias Removal 


The 12CL-1 array removes the C170 bias under the control of the coefficient sign. The 
coefficient sign controls the C170 bias bit opposite to bits 6-15. When the coefficient 
sign is negative (LO) exponent bits 6-15 are complemented and bit 5 is not. When the 
coefficient sign is positive (HI), exponent bits 6-15 are not complemented and bit 5 is. 


The 1L2CL-1 array extends the C170 bias bit (bit 5) to the left l-bit position (bit 4) and 
then treats both bits the same when removing the bias. The 12CL-1 also makes bits 1-3 equal 
to the unbiased state of bits 4 and 5. This has the effect of extending unbiased bit 5 all 
the way to the left. 
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C180 Exponent Format 


EXP@NENT BIT NUMBERS | 2 Se AB AB ae oe SSS I Ta? eels A 
~ C18C EXPQNENT FORMAT Bi a. ABS aE oe GE. yee EE TP vee EGE 


PQ@SITION C@DE —————> | Q S ‘a a 
NOTES: |. = C80). BIAS. BIT 
ie = A STATUS FIELD WHICH INDICATES AN IN-RANGE @R QUT-@F-RANGE 
EXP@NENT. THE C!I80 BIAS BIT AND STATUS BITS GQ THR@UGH THE 
ADDER @N THE ARRAY LIKE DATA. 
3. E = DATA PORTION OF THE CI80 EXPONENT 


4. THE EXP@NENT BIT NUMBERS BETWEEN THE VERTICAL LINES SH@W THE BIT 
DISTRIBUTI@N AM@NG THE FIVE ARRAYS. 


5. THE P@SITIQN C@DE SHOWN FQR EACH 3-BIT GROUP IS THE TRANSLATION @F 
THE 2-BIT P@SITION C@DE BIASED INDIVIDUALLY F@R EACH ARRAY. 


C180 Bias Removal 


The 12CL-1 removes the C180 bias by complementing the C180 bias bit (bit 1). 


Input Mux 


The data portion of the Input Mux divides into two major parts, the A operand mux (top two 
OR functions) and the B operand mux (bottom two OR functions). 


When gating modifiers select integers through these muxes, the integers pass unaltered. 
Note that Gl selects all 3 bits of the CON(0-2) inputs to the output of the A operand mux. 


When gating modifiers select exponents however, the most~significant bit has different 
gating than the 2 least-significant bits. This is because when a C170 exponent is selected, 
the muxes on the array in position code O must extend the Cl1/0 bias bit to the left one bit 
position. The C170 bias bits enter that array on input pins A(1) and B(1).— 


Unbias codes of O and 1 and position code 0 control the C170 bias bit extension. Note in 
the lower part of the common control block that G4 and G8 will both be active when unbias 
code 1 and position code 0 are both active. Unbias code 1 indicates that both exponents are 
C170 and position code 0 is active for the array which operates on the C170 bias bits. G4 
and G8 gate the C1/70 bias bits into bit 0 of the A and B operand outputs of the muxes. 


G8 is active and G4 inactive when unbias code O and position code 0 are both active. Unbias 
code 0 indicates that only the B operand is receiving a C170 exponent. 
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When unbias codes of 2 or 3 are active (C180 exponent or no unbias) UBO and UB1 are both 
inactive making G13 and G14 active. G13 active indicates that the A operand is not a C170 
exponent or this is not the array at position code 0. G14 active indicates that the B 
operand is not a C170 exponent or this is not the array at position code 0. G13 and G14 are 
used to control gating modifiers G3 and G7 (output of mux code translator). 


Each mux code translation selects a pair of operands, one to the A operand mux outputs and 
one to the B operand mux outputs. 


Mux code translations of 1, 3, 6, 7 and 13-15 produce undefined results. 


A mux code translation of 0 activates gating modifier G2. G2 selects all three CU inputs. 
A mux code translation of 0 does not activate any gating modifiers used in the B operand 
mux. Therefore the B operand is forced to zero. 


A mux code translation of 2 activates G5 and Gll selecting exponents (A and B inputs) to 
both the A and B operands. A translation of 2 also selects G3 when G13 is active and G7 
when G14 is active. Otherwise, G4 and/or G8 extend C170 bias bits. 


A mux code translation of 4 activates G10, G2, and G6. G10 and G6 select all three C inputs 
to the B operand output of the mux. G2 selects all three CU inputs to the A operand output 
of the mux. 


A mux code translation of 5 activates no gating modififiers and therefore gates zeros to 
both A and B operands. 


A mux code translation of 8 activates Gl, G10, and G6. This selects integers (CON and C 
inputs) to both operands. 


A mux code translation of 9 activates Gl and Gll. This selects an integer to the A operand 
and an exponent to the B operand. G7 and G8 control the C170 bias bit extension. 


A mux code translation of 10 activates Gl only. This selects an integer to the A operand 
and nothing (zeros) to the B operand. 


A mux code translation of 11 activates Gl, G10, and G9. Gl selects all 3 bits of the CON 
inputs to the A operand output of the mux. G10 and G9 select C(l, 2) and CS to the B 
operand output of the mux. Input pin CS is the sign of the Address Control Shift Count and 
therefore sign-extends the most-significant of the 3 bits selected to the B operand outputs 
of the mux. 


A mux code translation of 12 activates Gl, G12, and G9. Gl selects all 3 bits of the CON 


inputs to the A operand output of the mux. G12 and G9 select the CS input to all 3 bits of 
the B operand output of the mux. This sign-extends all 3 bits of the B operand. 


Unbias 


The Unbias area divides into two major networks, the A Unbias Network with its associated 
control and the B Unbias Network with its associated control. 
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A Unbias Network 


The A Unbias Network removes C170 bias and, on the array at position code 1, makes all 3 A 
operand bits equal to the unbiased state of the C170 bias bit. Refer to the Cl/70 Bias 
Removal paragraph. The A Unbias Network passes integers and C180 exponents through 
unaltered. 


C170 Unbias Control A produces complement signals which control each A operand bit. Gating 
modifier Gl gates the C170 Unbias Control A output to the complement signals. Therefore 
when Gl is inactive, all complement signals are HI and the A operand passes through the 
Exclusive OR functions in the A Unbias Network unaltered. Unbias code 1 (UB1) controls Gl 
and is LO when a C170 unbias operation is necessary. When UBl is LO, position codes of 0 
and 1 and input AS control the C170 unbias operation. 


The arrays at position codes 2 and 3 (PCO and PCl both HI) complement all 3 A operand bits 
when AS (coefficient sign) is LO. 


The array at position code O (PCO LO and PCl HI) complements bit 2 when AS is LO and 
controls bits O and 1 opposite to bit 2. Bits O and 1 are C170 bias bits. When the C170 
Unbias Control A complements bit 2, it does not complement bits 0 and 1. When the C170 
Unbias Control A does not complement bit 2, it does complement bits 0 and l. 


The array at position code 1 (PCO HI and PCl LO) complements all 3 A operand bits when AS 
(C170 bias bit) is HI. In position code 1 the three A operand bits are equal to coefficient 
sign as they enter the A Unbias Network. Following the unbias operation they will be equal 
to the C170 bias bit with the bias removed (i.e. equal to the unbiased state of bits 0 and: 1 
in the array at position code 0). 


B Unbias Network 


The B Unbias Network removes C170 bias, aids in the extension of C170 bias bits to all B 
operand bits in the array at position code 1, removes C180 bias, complements the B operand 
for subtract operations, and passes integers through unaltered. 


The B Unbias Select network produces complement signals which control all B operand bits. 
Unbias codes of O or 1 activate gating modifier G2 which selects C170 unbias complement 
signals. Unbias code 2 activates Gl which selects the C180 unbias complement signal. An 
unbias code of 3 makes both Gl and G2 inactive blocking the C170 and C180 unbias controls. 
Adder code AC] is LO for a subtract operation and therefore inverts the complement control. 
When AC] is HI it does not invert the complement control. 


The C170 Unbias Control B operates the same as the C170 Unbias Control A (refer to the A 
Unbias Network) except for the unbias codes. The unbias codes control the B Unbias Select 
network. 

The C180 unbias operation complements the C180 bias bit which is B operand bit 0 in the 
array at position code l. 


Adder 


The adder is composed of two groups of circuits, an ACU which produces the sum (S0-2) and 
generate (GG) signals, and two circuits which produce the enable (GT) signal. 
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A operand bits 0-2 enter the ALU where they are weighted binarily and designated as 
operand A. B operand bits 0-2 enter the ALU where they are weighted binarily and 
designated as operand B. The carry input (input pin CI) enters the ALU where it is 
given a binary weight of 1 and designated as operand C. 


The output of the ALU (S0-2) is weighted binarily and is the summation of A, B, and 
the complement of C. 


The ALU also produces a generate signal which is HI when the summation of A and B 
is less than 7. 


An OR function and an AND function produce the enable signal. The enable signal is 
HI when all 3-bit positions are enabled. A bit position is enabled when either or 
both of the operand A and B bits in that bit position are O’s. 


Note that no position codes enter the adder. Therefore the adder operates the same 
for each array in the 15-bit network. 


Comp lement 


The Result Complement Network consists of Exclusive ORs which can complement each 
result bit. 


The Complement Control function produces complement signals which control each 
result bit. Output code translations of 0-3 control the type of operation. 


Output Code 0 


An output code translation of 0 makes gating modifiers Gl, G2, and OR modifier V 
all inactive. This makes all three complement signals (COMP0-2) inactive and the 
result passes through the Result Complement Network unaltered. 


Output Code 1 


An output code translation of 1 makes OR modifier V active. V forces all three 
complement signals active (LO) which complements all 3 result bits. 


Output Code 2 


An output code translation of 2 makes gating modifier G2 active. G2 is used in the 
upper part of the Complement Control to enable a conditional complement operation. 
Position codes 0-3, input pin INV, and Result Sign signal also control the 
conditional complement operation. 


On the array at position code 1 (PC2, PC3 HI) gating modifier G3 and the Result 
Sign signal are both inactive (HI). Therefore all three complement signals are 
inactive and bits 1-3 of the 15-bit result pass unaltered through the Result 
Complement Network. 


On the array at position code 0 (PC2, PC3 HL), gating modifier G3 and the Result 


Sign signal are both inactive. Therefore all three complement signals are inactive 
and bits 4-6 of the 15-bit result are unaltered. 
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On the array at position code 3 (PC3 LO) gating modifier G3 is active and the Result Sign 
signal is enabled (i.e. the Result Sign signal can follow the SO output from the adder whict 
on this array is the result sign). Gating modifiers G2 and G3 are both active enabling the 
INV input to control the function. The INV input however, is biased HI on this array. Thus 
the Comp 0 and Comp 1 signals are inactive and the Result Sign signal controls the Comp 2 
signal. Bits 7 and 8 of the 15-bit result pass unaltered and bit 9 (controlled by Comp 2) 
is complemented when Result Sign is LO. 


On the arrays at position code 2 (PC2 LO), gating modifier G3 is active. G2 and G3 active 
enable INV to control the complement signals. The INV input on these two least-significant 
arrays connects to the result sign. Thus bits 10-15 of the 15-bit result are complemented 
when the result sign is LO. 


Output Code 3 

An output code translation of 3 makes Gl active. This output code is never used but if it 

was, it would complement the most-significant bit in the 15-bit result. Gl active and PCl 

active make Comp O active for the most-significant bit. 

Shift Fault Detection 

The Shift Fault Detection area determines if the shift count is greater than 127, if the B 

operand C180 exponent is negative, or if the result sign is negative. The most~significant 


three arrays (position codes 1, 0, and 3) perform all the tests. 


Error codes control the type of test. The following is a list of the four error code 
translations and the tests they control. 


e Error Code 0 Shift fault when result is greater than 127. 


e Error Code 1 - Same as error code 0 except force the ER2 output HI. 
e Error Code 2 ~- Same as error code 0. 


e Error Code 3 - Shift Fault if result is negative or if the C180 exponent on the 
B inputs is negative (bias bit clear). 


Since error codes 0-2 all test for the same thing, this description will first 
describe the three most~significant arrays operating with EC3 HI and then it will 
describe them with EC3 LO. 


Error Codes 0-2 And Position Code 3 (Array Operating on Bits 7-9) 


Two AND gates in the Fault Test function control the All Ones signal. Two more AND 
gates control the All Zeros signal. The top AND gate in each pair tests the SO and 
51 outputs of the adder. In this array they are bits 7 and 8 of the 15~bit 

result. The lower AND gate in each pair tests all 3 adder result bits and 2 input 
pins each. These lower AND gates are not relevant on this array. 


Gating modifier Gl in the Fault Test function is active because position code 1 is 
HI. G2 is active because position code 3 is LO. Gl and G2 gate the test of bits 7 
and 8 to the All Ones and All Zeros signals. , 


Gating modifier Gl in the Output Control function is active because EC3 is HI. 
Therefore the All Ones and All Zeros signals leave the array on pins ERIF and ER2F 
respectively. Pins ERIF and ER2F connect to pins CU(1) and INV respectively on the 
most~-significant array. 
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The Fault Select function and output pins ERI] and ER2 are not used on this array. 
Error Codes 0-2 And Position Code 0 (array operating on bits 4-6) 


In the Fault Test function, the lower AND gates in each pair control the All Ones and All 
Zeros tests. Input pins CU(0-2) and INV are biased LO on this array. Gl is active because 
PCl is HI. G2 is inactive because PC3 is HI. G2 inactive blocks the upper (two input) AND 
gates in each pair. The lower AND gate in each pair tests all 3 adder result bits (4-6) for 
all LOs (ones) or all HIs (zeros). 


Gating modifier Gl in the Output Control function is active because EC3 is HI. Therefore 
the All Ones and All Zeros signals leave the array on pins ERIF and ER2F respectively. Pins 
ERIF and ER2F connect to pins CU(0) and CU(2) respectively on the most-significant array. 


The Fault Select function and output pins ER1 and ER2 are not used on this array. 
Error Codes 0-2 And Position Code 1 (array operating on bits 1-3) 


In the Fault Test function, the lower AND gate in each pair controls the All Ones and All 
Zeros tests. Input pins CU(0-1) bring in All Ones signals from bits 4-6 and 7, 8 
respectively. Pins CU(2) and INV bring in All Zeros signals from bits 4-6 and 7, 8 
respectively. Gl is inactive however (PCl LO) and the All Ones and All Zeros signals do not 
leave the array. Instead the results of the All Ones and All Zeros tests enter the Fault 
Select function. 


Gating modifier Gl in the Fault Select function is inactive because EC3 is HI. This blocks 
the lower input which comes from an AND gate which tests the result sign and B exponent bias 
bit. When result bits 1-8 are all ones or all zeros, no fault exists and the Shift Fault 
signal is LO. When bits 1-8 are not alike (shift count greater than 127), both the All Ones 
and All Zeros tests will result in HIs making the Shift Fault signal HI. 


OR modifier Vl in the Output Control function is inactive because PCl is LO. When V1 is 
active (all four lower arrays) it forces the ER and ER2 outputs HI. 


OR modifier V2 in the Output Control function is active for error code 1 and forces the ER2 
output active (HI). When V2 is inactive (error codes 0 and 2) both the ER1 and ER2 outputs 
carry the Shift Fault signal. 

Error Code 3 And Position Codes O and 3 (array operating on bits 4-9) 

Gating modifier Gl in the Output Control is inactive because EC3 is LO. Gl blocks the ERIF 
and ER2F outputs (makes them HI). This sends HIs to the CU(0-2) and INV inputs on the 


most-significant array. 


The Fault Test and Fault Select functions and outputs ER] and ER2 are not used on these 
arrays. 


Error Code And Position Code 1 (array operating on bits 1-3) 
In the Fault Test function, the lower AND gates which test for all ones and all zeros are 


both made inactive by the HIs on the CU(0-2) and INV inputs. Therefore the top two inputs 
to the Fault Select function are HI. 
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12CL-1 (Cont “d) 


Gating modifier Gl in the Fault Select function is active selecting the output from the 
bottom AND gate in the Fault Test function. This AND gate tests the most-significant adder 
result bit which is sign, and the B(0) input which is the B operand C180 exponent bias bit. 
When SO is LO or B(O) is HI, the AND gate is inactive and the Shift Fault signal is HI. 


OR modifiers Vl and V2 in the Output Control function are inactive and the Shift Fault 
signal leaves the array on pins ERI] and ER2. 


Pins ERIF and ER2F are not used. 


Control 


Refer to the Input paragraphs for descriptions of the control inputs. 
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12CM 


REAL 
NAME PIN 


AGB 36 
AGI1 08 
AGI2 07 
CMPCOD(0) 26 


CMPCOD(1) 27 
CMPCOD(2) 25 
MUXCOD(0)32 
MUXCOD(1)33 


MUXCOD(2)34 
MUXCOD(3)35 
10 
09 


03 
28 
46 
20 


17 
19 
16 
38 


42 
44 
45 


11 


49 
18 
12 
22 


15 
37 
41 
43 


48 
02 
51 
01 
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12CM-0 Sign Select, Operand Select and Complement, and Round Control. 


LOGIC SYMBOL 


SELECT 


COMPLEMENT 


LN 


mn 
Eas 
MUXC@D 
(0-3) 
(4) es 
NON 
CMPC2D © 
(0-2) 
® 


b 
huh 


AD 


¥ 
IPN APN 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 12CM-O performs a variety of complement and mux functions on two 8-bit data paths 
(X(0-7) and Y(0-7)), their parity bits (XP and YP), and their sign bits (XSIGN and YSIGN). 


The 12CM-O contains four major functions: Sign Select, Complement, Round Control, and Select. 
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12CM-0 (Contd) 


Sign Select 
The MUXCOD(0-3) inputs enter the common control block of the Sign Select function where they 
are translated to control gating modifiers which make the sign selection. 


A translation of 11 makes Gl active. Gl gates the YSGN3 input to the YSIGN output. 
Translations of 9 or 10 make G2 active. G2 gates the XSGN1 input to the XSIGN output. 
Translations of 2, 6, or 7 make G3 active. G3 gates the YSGN2 input to the YSIGN output. 


Translations of 0, 3, 9, 10, or 12 make G4 active. G4 gates the YSGN1 input to the YSIGN 
output. 


Translations of 1, 4, 5, 8, 13, 14, or 15 activate no gating modifiers and therefore force X 
and Y signs to zero. 


Complement 


The CMPCOD(0-2) inputs are translated to control four OR functions. A single translation 
may feed more than one OR function. Note that a translation of 3 feeds all four OR 
functions. Gating modifiers Gl - G4 modify the OR functions which control G5-8. G6 and G8 
gate the X and Y data straight through without inversion. G5 and G7 gate active HI 
(inverted) data. 


The four OR functions all operate in a similar manner. This description will describe the 
operation of only the lowest of the four OR functions. 


A CMPCOD translation of 2 activates the lower OR function which makes G5 active. G5 gates 
Y(0-7) and YSIGN in active HI which complements this data. 


Translations of 3 or 4 require that G2 also be active in order to make the OR function 
active. A translation of 5 requires Gl. 


Round Control 
The equation for the output of the Round Control function follows. 


(YSIGN=XSGN1) + ((XSGN1 G) RNDSGN) (YSGN1 @) YSGN3)) e SFTRND 


The ROUND input is ORed with the output of the Round Control and produces ROUNDZ. ROUNDZ is 
used in the Select function as part of the control for the Z(0-7) and ZP outputs. Refer to 
the Select paragraph. 


Select 

The data portion of the Select function (top) divides into three functions. The top 
function (OR Qualifying Symbol) is a mux which gates parity to output ZP. Gating modifiers 
G18 and G17 select between the X operand parity (input XP) or the Y operand parity (YP), 
respectively. The combination of G19 and OR modifier V can force the ZP output either HI or 
LO. These control modifiers originate in the common control block. The Select Control 
paragraph describes the control. 
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12CM-0 (Contd) 


The middle function has an F qualifying symbol. This indicates that the symbol is 
incomplete and the function information is expressed by equations in the common control 
block. This function receives two 8-bit highwayed inputs, X and Y which are weighted 
binarily and designated as operand X and Y, respectively. The 8-bit output highway (outputs 
Z(0-7)) is also weighted binarily and designated as output operand F. Equations in the 
common control block (bottom of the Select function) describe the contents of F for the 
various control combinations. When the equation F=X is active, the function places the X 
operand on the output highway. When the equation F=Y is active, the function places the Y 
operand on the output highway. F=0 means that all 8 bits are forced HI. F127 means the 
lowest-order 7 bits are LO and the most-significant bit is HI (value of 127). F=255 means 
they are all LO. F=128 means the most-significant bit is LO and the rest are HI. The 
Select Control paragraph describes the control. 


The lower function (OR qualifying symbol) is a mux which selects the proper sign to output 
ZS. Gating modifiers G14, G15 and G16 select YSIGN, XSIGN, or HI. The Select Control 
paragraph describes the control. 


Select Control 

The MUXCOD(0-3) inputs enter the common control block of the Select function where they are 
translated to control six OR functions. Five of the six OR functions are in a vertical row 
on the output side of the MUXCOD translator. The sixth OR function is on the output of the 
fourth and fifth OR functions. A single MUXCOD translation may feed more than one OR 
function. Note that a translation of 10 feeds four of the OR functions. 


These OR functions are modified by gating modifiers GO-G13 which are controlled by ROUNDZ, 
XSIGN, YSIGN, and inputs SK6 and AGB. The OR functions produce gating modifiers G14-G19, OR 
modifier V, and the function control equations for F. These controls are used in the data 
portion of the Select function (top). 


The top OR function produces gating modifiers and a function control equation which select 
the X operand and its sign and parity bit. 


The second OR function selects the Y operand and its sign and parity bit. 
The third OR functions makes all outputs HI. 


The fourth OR function selects X sign, forces the F operand to binary values of 127, 255, 
128, or O under the control of XSIGN, and ROUNDZ, and causes the parity output ZP to follow 
ROUNDZ. Note that the fourth OR function also feeds the sixth OR function. 


The fifth OR function selects Y sign, forces the F operand to values of 127, 255, 128, or 0 
under the control of YSIGN and ROUNDZ, and causes the parity output ZP to follow ROUNDZ. 
Note that the fifth OR function feeds the sixth OR function. 


The sixth OR function is activated when either the fourth or fifth OR functions are active. 
G12 and G13 (controlled by ROUNDZ) control OR modifier V and G19. When the sixth OR 
function is active and G13 is active (ROUNDZ LO), V is active. V forces output ZP LO. When 
the sixth OR function is active and G12 is active (ROUNDZ HI), G19 is active. G19 gates a 
HI to output ZP. Thus output ZP follows ROUNDZ when the sixth OR function is active. 
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12CM-0 (Cont “d) 


The first five OR functions all operate in a similar manner. This description will describe 
the operation of only the fifth one (bottom). 


MUXCOD translations of 1, 2, 1l, or 12 will activate the fifth OR function without any 
further modification. MUXCOD translations of 3 or 6 require that G/ also be active in order 
to activate the OR function. MUXCOD translations of 14 or 9 require G4 and translations of 
10 or 13 require G2. 


When the fifth OR function is active, the sixth OR function becomes active allowing ROUNDZ 
to control output ZP. Also G14 will be active without the need for any gating modifiers. 
F=127 is active when G9 AND G13 AND the fifth OR function are all active. G9 and G13 are 
active when YSIGN and ROUNDZ are LO. The remaining outputs from the fifth OR function 
operate in a similar manner. 
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12CM-1 AND Gate. 


LOGIC SYMBOL 


BIAS NONE 


OPERATIONAL DESCRIPTION 


(None required.) 
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A(0) 
A(1) 
A(2) 
A(3) 


AP 

B(0) 
B(1) 
B(2) 


B(3) 

BP 
CLCK 
COMPL 


DEC 
ENA 
ENB 
ENC 


FENA 
FENB 
F1(0) 
Fi(1) 


Fi(2) 
Fi(3) 


F1(4) 
FI(5) 


Fi(6) 
F1(7) 
F1(8) 
INHCIN 


LDA 
LDB 
NCIN 
NENIN 


NLATCH 
NPLUS1 
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12CN-O BCD/Binary Adder. 


LOGIC SYMBOL 


A ZOA,B)>15 


L(A,B)29 i|_-enwste Ol NEN@UT 
| 


L(A,B)215 


CLCK 


ENC 43 

NLATCH 46 

NCIN 37 i 
a N 

NPLUSI__38 


INHCIN 42 E 


BIAS NONE 
OPERATIONAL DESCRIPTION 


The 12CN-O is an Arithmetic and Logical Unit (ALU) with input and output registers, a parity 
predictor, and a carry network. 


Input Register 


The data portion of the input register function (top left) contains registers for the A 
operand A(0-3) and its parity bit AP, the B operand B(0-3) and its parity bit BP, and the 
decimal control signal DEC. 


Clock modifier C3, originating in the common control block, clocks in the A operand and its 
parity bit. Z2 will reset these two registers. 


Gating modifiers Gl and G2 select either the true data (Gl active), or the complement data 
(G2 active) from the output of the A operand register. 
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12CN-O (Cont~d) 


C2 clocks in B operand data and its parity bit. Zl resets these two registers. 
Cl clocks in the decimal control signal. This register cannot be reset. 


Input Register Control 

Input LDA (load A) and ENA (enable A) enter a translator along with CLCK (clock). A 
translation of 7 clocks in the A operand and its parity bit. A translation of 5 resets 
these two registers. The contents of the registers will not change for translations of 0-4, 
and 6. 


Input LDB (load B) and ENB (enable B) enter a translator along with CLCK. A translation of 
7 clocks in the B operand and its parity bit. A translation of 5 resets these two 
registers. The contents of the registers will not change for translations of 0-4, and 6. 


The complement control signal COMP enters a register in the common control block. Cl clocks 
in this control signal. When the register is set, G2 is active and gates the complement of 
the A operand register to the ALU. When the register is reset, Gl is active and gates the 
true state of the A operand register to the ALU. 


Cl is controlled by an OR of the two enables ANDed with clock. Cl clocks in the complement 
control signal and the decimal control signal. 


Carry Network 


The Carry Network produces a LO output when the following inputs are HI: 
(NENIN+NCIN) (NCIN+PLUS1) INHCIN. 


Parity Predictor 


The asterisk (*) in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The Parity Predictor receives the parity bits from the two input operands and internal 
inputs from the ALU to determine what the parity of the result will be. The Parity 
Predictor does not generate parity; it only adjusts it. Bad parity (odd) on one of the two 
input operands will result in odd parity on the output of the Parity Predictor. 


Arithmetic and Logical Unit (ALU) 

The qualifying symbol in the ALU function is F(A, B, C). The F in the qualifying symbol 
indicates that the symbol is incomplete and the function information is expressed by 
equations in the common control block. 


ALU Inputs 

The ALU receives the 4-bit A and B operands from the input registers. It also receives a 
carry input from the carry network. The two 4-bit operand highways enter the ALU, are 
weighted binarily, and designated as operands A and B. The carry input enters the ALU, 
receives a binary weight of 1 and is designated as operand C. 


The decimal input (DEC from the input register) controls the function of the ALU. When DEC 
is LO, the ALU produces a BCD summation of A, B, and C. When DEC is HI, the ALU produces a 
binary summation of A, B, and C. Gating modifiers Gl and G2 gate the appropriate equations 
for the carry and enable outputs. The ALU Output paragraph describes these outputs. 
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12CN-0 (Contd) 


Input pins FENA and FENB are ANDed together to control OR modifier V. When V is active, it 
forces the enable output NENOUT HI. 


ALU Outputs 

Output pin NCOUT will be HI when the summation of A and B is greater than 9 and G2 is 
active. G2 is active when the ALU produces a BCD summation. NCOUT will also be HI when the 
summation of A and B is greater than 15 and Gl is active. Gl indicates a binary summation. 


Output pin NENOUT will be HI when the summation of A and B is greater than or equal to 9 and 
G2 is active, or the summation of A and B is greater than or equal to 15 and Gl is active, 
or V is active. 


The 4-bit highwayed output is the BCD or binary summation of the A, B, and C operands. The 
result is weighted binarily and sent to the output register. 


The ALU output below the result highway will be LO when the summation of A, B, and C is 
greater than 9 and G2 is active, or the summation of A, B, and C is greater than 15 and Gl 
is active. 


The bottom ALU output will be LO when the summation of A, B, and C is equal to zero. 


Output Register 
Clock modifier C clocks ALU results into the output register. Input pin NLATCH is HI for 


normal clocked register operation allowing the AND of inputs ENC (enable C) and CLCK to 
control the C modifier. When NLATCH is LO, the ENC and CLCK inputs have no effect on C. C 
will remain active for as long as NLATCH is active. Thus while NLATCH is active the output 
register cannot latch and the outputs follow the inputs. 
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12CN-1 AND/OR Logic. 


Ce meen 


LOGIC SYMBOL 


BIAS NONE 


OPERATIONAL DESCRIPTION 


(None required.) 
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12CP-0 Left Shift 0, l,. 3, or Zero Fill... 


LOGIC SYMBOL 


PA IS THE PARITY BIT F@R A(O-7) IF ANY OPERATION TOGGLES 
AN @DD NUMBER @F DATA BITS, THE PARITY PREDICTOR T@GGLES 
THE OUTPUT PARITY BIT P. 


BIAS L®@ = MDB, L 
BIAS HI = ZER@, AC, MDA 


OPERATIONAL DESCRIPTION 


The 12CP-O receives 11 data-bits and performs left end-off shifts of 0, 13-or.3-bit 
positions or extends zeros to the 8-bit output highway. It does this by connecting 
(internal to the array) the required bit patterns to inputs of a mux where select signals 
S(0,1) select the desired shift or zero fill. 


Inputs and Mux 


A byte of data enters the array on pins A(0-7) and occupies bit positions 0-7 in the input 
highway. Input pins B(0-2) bring in the next 3 higher order-bits. B(0) is in bit position 
8, B(l) in 9, and B(2) in 10. Input pin PA is the parity bit for the data byte on A(0-7). 
Refer to the Parity Predictor paragraph. 


Clock entering the array on pin CLCK clocks the S(0,1) select signals into a register. The 
output of the register is translated to form G (gating) modifiers for selecting one of four 


input highways to the mux. 


A translation of 0 selects the upper highway where input bits 0-7 are connected straight (no 
shift) to mux bits 0-7. 
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12CP-0 (Cont “d) 
A translation of 1 selects input bits 1-8 which are connected with a left shift of 1 to mux 


A translation of 2 selects input bits 3-10 which are connected with a left shift of 3 to mux 


A translation of 3 selects HIs to mux bits 0-7 performing a zero fill. 


Parity Predictor 


The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for A(0-7) data highway enters on pin PA. The Parity Predictor receives 
this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 
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12CP-1 Left Shift 0, 1, OR 3 or Left Shift 3 With or Without Sign Extension. 


LOGIC SYMBOL 


PARITY 
PREDICT OR* 


uy ag] 


CLOK=".05 


PA IS THE PARITY BIT FOR A(O-7) IF ANY @PERATION T@GGLES 
AN @DD NUMBER @F DATA BITS, THE PARITY PREDICT@R T@GGLES 
THE @UTPUT PARITY BIT P. 


BIAS L® 
I 


-oL 
BIAS HI = ZER@, MDA, MDB 


OPERATIONAL DESCRIPTION 


The 12CP-1 receives 11 data-bits and performs left end-off shifts of 0, 1, or 3-bit 
positions to the 8-bit output highway. Also while performing a left shift of 3, it can 
extend sign to the three least-significant bits of the output. The 12CP-1 does this by 
connecting (internal to the array) the required bit patterns to inputs of a mux where select 
signals S(0,1) select the desired shift or shift with sign extension. 


Inputs and Mux 

A byte of data enters the array on pins A(0-7) and occupies bit positions O-/7 in the input 
highway. Input pins B(0-2) bring in the next three higher order bits. B(0) is in bit 
position 8, B(l) in 9, and B(2) in 10. Input pin PA is the parity bit for the data byte on 
A(O-7). Refer to the Parity Predictor paragraph. 


Clock entering the array on pin CLCK clocks the S(0,1) select signals into a register. The 


output of the register is translated to form G (gating) modifiers for selecting one of four 
input highways to the mux. 
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12CP-1 (Contd) 


A translation of 0 selects the upper highway where input bits 0-7 are connected straight (no 
shift) to mux bits 0-7. 


A translation of 1 selects input bits 1-8 which are connected with a left shift of 1 to mux 
bits 0-7. 


A translation of 2 selects input bits 3-10 which are connected with a left shift of 3 to mux 
bits 0-7. 


A translation of 3 selects input bits 6-10 which are connected with a left shift of 3 to mux 
bits 3-7. This same translation also selects the output of the Sign Control circuit and 
extends it to mux bits 0-3. Refer to the Sign Control paragraph. 


Sign Control 


Clock entering the array on pin CLCK clocks the sign control signal (input pin AC) into a 
register. Sign enters the array on pin A(6) and the output of the register gates it to bit 
positions 0-2 in the lower highway to the mux. 


Parity Predictor 


The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for A(0-7) data highway enters on pin PA. The Parity Predictor receives 
this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 
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12CP-2 Left Shift 0, 1, or 3. 


LOGIC SYMBOL 


S(I) 42 
CLCK O03 


PA IS THE PARITY BIT F@R A(-7). IF ANY @PERATION TOGGLES 
AN @DD NUMBER @F DATA BITS, THE PARITY PREDICT@R TOGGLES 
THE @UTPUT PARITY BIT P. 


MDA, L 


BIAS L® = 
I = ZER@, AC, MDB 


BIAS H 


OPERATIONAL DESCRIPTION 


The 12CP-2 receives 11 data-bits and performs left end-off shifts of 0, 1, or 3-bit 
positions to the 8-bit output highway. It does this by connecting (internal to the array) 
the required bit patterns to inputs of a mux where select signals S(0,1) select the desired 
shift. 


Inputs and Mux 

A byte of data enters the array on pins A(0-7) and occupies bit positions O-7 in the input 
highway. Input pins B(0-2) bring in the next three higher order bits. B(0) is in bit 
position 8, B(L) in 9, and B(2) in 10. Input pin PA is the parity bit for the data byte on 
A(0O-7). Refer to the Parity Predictor paragraph. 


Clock entering the array on pin CLCK clocks the S(0,1) select signals into a register. The 
output of the register is translated to form G (gating) modifiers for selecting one of four 


input highways to the mux. 


A translation of 0 selects the upper highway where input bits 0-7 are connected straight (no 
shift) to mux bits 0-7. 
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12CP~2 (Cont “d) 
A translation of 1 selects input bits 1-8 which are connected with a left shift of 1 to mux 
bits 0-7. 


Translations of 2 or 3 select input bits 3-10 which are connected with a left shift of 3 to 
mux bits 0-7. 

Parity Predictor 

The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for A(0-7) data highway enters on pin PA. The Parity Predictor receives 
this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 
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12CP-3 Left Shift 0, 1, OR 3 or Shift O with Bits 0-4 Forced to Zero. 


LOGIC SYMBOL 


CLCK O03 


PA IS THE PARITY BIT FOR A(O-7), IF ANY @PERATION TOGGLES 
AN @DD NUMBER @F DATA BITS, THE PARITY PREDICTOR TOGGLES 
THE @UTPUT PARITY BIT P. 


BIAS L® = 
BIAS HI = AC, MDB 


OPERATIONAL DESCRIPTION 


The 12CP-3 receives 11 data-bits and performs left end-off shifts of 0, 1, or 3-bit 
positions to the 8-bit output highway. Also while performing a left shift of 0, bits 0-4 
may be forced to zero under the control of the ZERO input. The 12CP-3 performs the shifts 
by connecting (internal to the array) the required bit patterns to inputs of a mux where 
select signals S(0,1) select the desired shift. 


Inputs and Mux 

A byte of data enters the array on pins A(0-7) and occupies bit positions 0-7 in the input 
highway. Input pins B(0-2) bring in the next three higher order bits. B(0) is in bit 
position 8, B(1) in 9, and B(2) in 10. Input pin PA is the parity bit for the data byte on 
A(0-7). Refer to the Parity Predictor paragraph. 
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12CP-3 (Cont“d) 


Clock entering the array on pin CLCK clocks the S(0,1) select signals into a register. The 
output of the register is translated to form G (gating) modifiers for selecting one of four 
input highways to the mux. 


A translation of 0 selects the upper highway where input bits O-7 are connected straight (no 
shift) to mux bits 0-7. Input bits 0-4 pass through a gate controlled by the output of a 
register feed by input pin ZERO. Clock entering the array on pin CLCK clocks pin ZERO into 
a register. When the register is active (input ZERO LO when clocked), gating modifier Gl is 
inactive and bits 0-4 are forced to zero. When the register is inactive, Gl is active and 
bits 0-4 pass through to the upper mux highway. 


A translation of 1 selects input bits 1-8 which are connected with a left shift of 1 to mux 


Translations of 2 or 3 selects input bits 3-10 which are connected with a left shift of 3 to 
mux bits 0-7. 


Parity Predictor 
The asterisk in the Parity Predictor symbol indicates that the symbol is incomplete. 
Therefore, the following Parity Predictor information cannot be deduced from the symbol. 


The even parity bit for A(0-7) data highway enters on pin PA. The Parity Predictor receives 
this parity bit and internal inputs (not shown) to perform its function. 


The Parity Predictor does not generate parity. It adjusts even parity based on the input 
data and the operation performed. Bad parity in will result in bad parity out. 
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12CP-4 Slave/Master Latch (Sheet 1). 


LOGIC SYMBOL 
t2Cr 


po ep hice 


|. THE BIAS USED FOR 12CP TYPE 
O-3 D@ES NOT AFFECT TYPE 4, 


2 N@T COMPATIBLE WITH TYPE 5, 


BIAS L® 


a 
BIAS HI = N 


ONE 


OPERATIONAL DESCRIPTION 


The above symbol consists of two latches connected in series. The latch on the left is 
called Latch A in this description. It has a C (clock) modifier which is inactive only 
during the first 2.5 ns following a LO transition of clock. The remainder of the time the C 
modifier for Latch A is active. Refer to the timing diagram. Since the C modifier in Latch 
A is active most of the time, any signal change on input D will pass to the output except 
during those 2.5 ns when the C modifier is inactive and Latch A holds its contents. 


The latch on the right is called Latch B in this description. It has a C modifier which is 
active only during the first 2.5 ns following a LO transition of clock. The remainder of 
the time the C modifier for Latch A is inactive. Refer to the timing diagram. Latch B 
operates in a normal manner, clocking in data during the 2.5 ns the C modifier is active and 
holding its contents while the C modifier is inactive. 


The use of these two latches becomes apparent when two of these arrays are connected 
together in series. Outputs E or F on the first array connect to input D of the next array 
and both arrays are clocked with the same clock signal. Without the Latch A between the two 
Latch Bs, a signal could pass from Latch B in the first array, all the way into Latch B in 
the second array during the same 2.5 ns that their C modifiers are active. The A latches 
are holding (latched) during that period of time and a race (short path) condition is 
avoided. 
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12CP—4 CLOCK. 


CLOCK (INPUT CLCK) | | | | | | | | 
| 

Le ie ae 
| 

C MODIFIER FOR LATCHA _ [| | a [| 

J 

DATA INPUT T@ LATCH A VEN i a 
| 

/» DATA @UTPUT FROM LATCH A he. 
AND INPUT T@ LATCH B : 

C MODIFIER FOR LATCHB |f Lf [| Lf 


| 
DATA @UTPUT FROM LATCH B | | | 


NOTES: 


/\\, QUTPUT OF THE @N-CHIP CLOCK SHAPER. THE CLOCK 
SHAPER FORMS A 2.5 NS PULSE @N THE LEADING EDGE 
QF THE ACTIVE L@ CLOCK INPUT (CLCK). THE ANSI 
SYMB@L USES THE DYNAMIC INDICATOR (> ) TO SHOW 
THIS CLOCK SHAPER. 

/X, THE LO LEVEL OF THE WAVEFORM INDICATES THE ACTIVE 
STATE. 


SHOWN AS IT WOULD L@@K IF COMING FROM LATCH B INA 
PREVI@US |12CP-4 CIRCUIT. 


/\, NOTE THAT THE C MODIFIER FOR LATCH A IS INACTIVE WHEN 
ITS DATA INPUT BECOMES ACTIVE. THE C MODIFIER FOR LATCH A 
BECOMES ACTIVE 2.5 NS LATER THUS DELAYING THE DATA QUTPUT 
FROM LATCH A UNTIL THE C MODIFIER FOR LATCH B BECOMES 
INACTIVE. LATCH B MUST THEN WAIT FOR THE NEXT CLOCK 
BEFORE IT CAN SET. 
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12CP-4 AND Gate (Sheet 2). 


LOGIC SYMBOL 


|. THE BIAS USED FOR |12CP TYPE 


O-3 D@ES NOT AFFECT TYPE 4, 
€ N@T COMPATIBLE WITH TYPE 5, 


BIAS L®@ =L 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 
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12CP-4 OR Gate (Sheet 3). 


LOGIC SYMBOL 


|. THE BIAS USED F@R |2CP TYPE 
O-3 D@ES NOT AFFECT TYPE 4, 


€ NOT COMPATIBLE WITH TYPE 5, 


BIAS L® = 


L 
BIAS HI NONE 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 
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12cP-4 AND/OR Gate (Sheet 4). 


LOGIC SYMBOL 


|. THE BIAS USED FOR |I2CP TYPE 
O-3 D@ES NOT AFFECT TYPE 4, 


2 N@T COMPATIBLE WITH TYPE 5. 


BIAS L®@ =L 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 
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12CP-5  AND/OR Fanout. 


LOGIC SYMBOL 


MO) 414 
MU) 38. 


On 
|e 
7 W 


D 
la 


28 
()_ 36 
@) 32 
By TK 


ieee 
& 

IN 
WU) SEN 
2) SAN 
Bi) IN 


A(0-7), PA, CLCK, JG), H(O) MDB 
S(O0-1), L, ZER® 


BIAS LO 
BIAS HI 


OPERATIONAL DESCRIPTION 


Parentheses were removed from the input pin names in order to make the equations easier to 
read. 


Output .K (LO) = MO e M2 e N 
Output O (HI) = (MO e Ml e M2 e N e Hl oe H2)+(M2 @ N e H3 e JO @ Jl) @ (J2+B2)) 


Gating modifier Gl in the symbol in the lower right corner will be active when output 0 is 
H. OR modifier V is active when input pin B(l) is LO. 


Outputs C(0-1) are two copies*of the same signal and will be LO when the following equation 
is active: (D e Gl)+V. 


Outputs C(2-3) are two copies of the same signal and will be LO when the following equation 
is active: (AC e G1l)+V. 


Outputs C(4-7) are two copies of the same signal and will be LO wher the following equation 
is active: (MDA e G1)+V. 
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60458120 B 


12¢Q 


REAL} VIRT 
PIN PIN 
CLCK 03 
CLFC 04 V26 


FANEN 47 V48 
FNO 30 V47 


MCA(0) 49 V16 
MCA(1) 18 V17 
MCA(2) 07 V18 
MCA(3) 16 V19 


MCA(4) 52 V20 
MCA\(5) 44 V21 
MCA(6) 09 V22 
MCA(7) 06 V23 


MCA(8) 05 V24 
MDIA(0) 38 V07 
MDIA(1) 17 V08 
MDIA(2) 34 Vo9 


MDIB(0) 43 V10 
MD1B(1) 36 V11 
MDIB(2) 42 V12 
MDIC(0) 12 V13 


MDIC(1) 11 Vv14 
MDIC(2) 15 V15 
MPL(O) 41 V04 
MPL(1) 48 V05 


MPL(2) 45 V06 
ONECMP 46 vo1 
SNMCA 37 V02 
SNMPL 35 V03 


ZERO(O) 08 
ZERO(1) (10 


DOO(0) 
DOO(1) 27 V34 


DOO(2) 19 V37 
DO1(0) 33 V32 
DO1(1) 29 V35 
DO1(2) 23 V38 


MPC(0) 22 V39 
MPC(1) 21 Vv41 
MPC(2) 01 V43 
MPC(3) 51 V45 


MPS(0) 20 Vv40 
MPS(1) 26 V42 
MPS(2) 02 V44 
MPS(3) 50 V46 


NDO(O) 31 V30 
NDO(1) 25 V33 
NDO(2) 24 V36 
TWOCOR- 28 
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12CQ-0 Multiply and Partial Add. 


LOGIC SYMBOL 


12CQ | 
teh al ) SHIFT COMPLEMENT 
G)O= ey econ el O @ @?2 TES Th ox 
3 PARTIAL 
sr eae Ya 
PARTIAL 
O03 paid en ae PRODUCT A 


NOTE: 
/\, UNDEFINED. 


|| ZERO BN 


PARTIAL 
PRODUCT B 


CMPLM P 


ZERD Cw oe 


(0) COMP PR@DUCT C 


VamaV 


ra 


TYPE O MAY BE USED WITH ANY @F THE OTHER 12CQ USES 
BECAUSE THEIR BIAS D@ES NOT AFFECT THIS USE. 


BIAS L@ = CLFC 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Each 12CQ-0 begins the formation of three partial products by first performing wired shifts 
of the multiplicand to adjust each partial product according to the significance of the 
multiplier codes. The 12CQ-0 then completes the formation of each partial product by 
performing a shift and complement under the control of the multiplier codes. This process 
is the multiply. The 12CQ-0 then forms the product by performing a partial add of the three 
partial products and clocking the resulting partial sums and partial carries into an output 
register. The following figure shows a small portion of the three partial products, the 
product, and the portion of the operation handled by one 12CQ-0 array. 
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12CQ-0 (Contd) 


A. A 


notes: /\ ALIGNED VIA AN @N-CHIP WIRED LEFT SHIFT OF TWO. 
/\ ALIGNED VIA AN @N-CHIP WIRED LEFT SHIFT OF FOUR. 


EN THE 12@CQ-O ADDS THE THREE PARTIAL PRODUCTS TOGETHER 
AND PRODUCES A PARTIAL CARRY AND PARTIAL SUM BIT 
FOR EACH COLUMN. 


/\ S@LID @UTLINE SHOWS THE PORTION OF THE THREE PARTIAL 
PRODUCTS AND PR@DUCT HANDLED BY @NE |12CQ-O ARRAY. 


/\ DASHED QUTLINE SHOWS BITS WHICH ALS@ MUST ENTER 
EACH PARTIAL PR@DUCT BECAUSE @F THE P@SSIBILITY OF 
A MULTIPY @F 2X (LEFT SHIFT @F @NE) WHICH TAKES 
PLACE IN THE SHIFT FUNCTION FOR EACH PARTIAL, PRODUCT. 


Inputs 


The multiplicand enters on pins MCA(0-8). Bits 0-4 go straight to the shift function for 
Partial Product A. Bits 2-6 are left-shifted by two and enter the shift function for 
Partial Product B. Bits 4-7 are left-shifted by four and enter the shift function for 
Partial Product C. 


The multiplier codes for Partial Products A, B, and C enter MDIA(0-2), MDIB(0-2), and 
MDIC(0-2), respectively. The Shift and Complement paragraphs describe their use. 


The ZERO (0-1) inputs enable the complement control for the two least-significant bits in 


each partial product, and gate partial product bit 2 into the complement function for each 
partial product. The Complement paragraph describes this control. 


Outputs 

MPC(0-3) outputs are product partial carries. 

MPS(0-3) outputs are product partial sums. 

Shift Function 

There are three shift functions, one for each partial product. Separate multiply codes 
control each shift function. The multiply code which enters MDIB(0-2) is two bits more 


significant than the code which enters MDIA(O-2). The multiply code which enters MDIC(0-2) 
is four bits more significant than MDIA(0-2). 
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12CQ-0 =©(Cont“d) 


The top shift function, for Partial Product A, is the only one with detailed symbology 
because the lower two operate in the same manner. This description will deal only with 
Partial Product A for the same reason. 


Multiplier code bits 1 and 2 enter the shift function common control block where they are 
translated. 


A translation of 0 makes gating modifier Gl inactive which blocks the shift function 
output. Gl is active for all other translations. 


A translation of 1 causes a shift of 0. Shift function input bits 0-3 go straight to output 
bits 0-3. Input bit 4 is discarded. 


A translation of 2 causes an end-off left (up) shift of 1l-bit position. Shift function 
input bits 1-4 shift up to output bits 0-3. Input bit 0 is discarded. 


A translation of 3 causes undefined results. 


Complement Function 


There are three complement functions, one for each partial product. Separate multiply codes 
and zero controls feed each complement function. 


The top complement function, for Partial Product A, is the only one with detailed symbology 
because the lower two operate in the same manner. This description will deal only with 
Partial Product A for the same reason. 


Data bits O and 1 enter the complement function in highwayed form. Gating modifier Gl 
selects true data and G2 selects complemented data. Data bits 2 and 3 enter the complement 
function separately. G5 gates in bit 2 and G3 and G4 select true or complement data. 


Complement Control 


G5 is active when 1X is HI OR ZERO A is LO. 

G4 is active when ZERO A AND COMP are both LO. 
G3 is active when either ZERO A OR COMP is HI. 
G2 is active when COMP is LO. 

Gl is active when COMP is HI. 


Partial Add 


The partial add consists of two functions, one for partial carries (top) and one for partial 
sums (bottom). 


A partial carry bit will be active (LO) when two or more corresponding inputs are active 
(LO). For example, PC(0) will be LO when two or more partial product bit zeros are LO. 
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12CQ-0 (Cont~d) 


A partial sum bit will be active (LO) when an odd number of corresponding inputs are active 
(LO). For example, PS(0) will be LO when an odd number of partial product bits zeros are LO. 


Output Register 


Clock enters the 12CQ-0 on pin CLCK and clocks the partial carries and partial sums into the 


output register. 
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12CQ-1 Multiplier Decode and Two”s Complement Control. 


LOGIC SYMBOL 


COMP,2X,1X  D@1O-2) 


CEOK. OS 


THIS BIAS HAS NO AFFECT ON THE TYPE O USE (MULTIPLY). 


BIAS L@ = FN@, FANEN, CLFC 
BIAS HI = NONE 
TERMINATE = NDOQ(O-2) : 


OPERATIONAL DESCRIPTION 
Each 12CQ-1 array receives three bits of multiplier and produces a multiplier code which 


represents the two most-significant bits of the 3-bit group. The figure below shows a small 
portion of the multiplier and the bits handled by each 12CQ-1 array. 


WETIPLIER =e: “O “CS ee So Sg 


NQTE : wn THE SOLID UNDERLINES INDICATE THE TWQ MOST SIGNIFICANT 
BITS HANDLED BY EACH |2CQ-1 AND THE DASHED UNDERLINES 
SHOW THE ONE-BIT OVERLAP. 
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12CQ-1 (Cont “d) 


The multiplier code consists of three signals: COMP, 2X, and 1X. Two copies of the 3-bit 
code leave the array, one copy on pins DO1(0-2) and the other on pins DOO(0-2). The 
Multiplier Decode paragraph describes the Decode function. 


The 12CQ-1 also produces a twos complement correction signal and clocks it into a 
register. The Twos Complement Correction paragraph describes this signal. 


Multiplier Decode 


Three bits of the multiplier enter the array on pins MPL(0-2). The multiplicand sign enters 
on pin SNMCA and the multiplier sign enters on pin SNMPL. 


COMP=SNMCA+SNMPL+MPL (0) 

The 2X and 1X signals are the result of a translation of the 3 multiplier bits. 
Translations of 3 or 4 will make the 2X signal active (LO). Translations of 1, 2, 5, or 6 
will make the 1X signal active (LO). Translations of 0 or 7 will make an output LO which 


will disable an AND gate in the common control block of the Two’s Complement Correction 
function. 


Two"s Complement Correction 
The equation for the two°s complement correction signal is: 
COMP G) (ONECMP @ Multiplier Decodes of 0 or 7 e SNMCA) 


Clock enters the array on pin CLCK and clocks this signal into a register. The two's 
complement correction signal leaves the array on pin TWOCOR. 
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12CQ-2 Fanout. 


LOGIC SYMBOL 
Rage 


FNO 304 


MPL(O)_ 41NG, = 
MPL(2) 45NGo 5 [24 ND@(2) 


105) 


THIS BIAS HAS N®@ AFFECT ON THE TYPE O USE (MULTIPLY) 
BIAS L@ = O@NECMP 
BIAS HI = MPL(1), SNMPL, SNMCA, FANEN 
ALS®, IF REMAINDER @F ARRAY IS NOT USED AS TYPE 0 
(MULTIPLY), BIAS CLFC = HI AND CLCK = L® 
TERMINATE = TWOCOR. ALS®, TERMINATE ND@(O-2) IF N@T USED. 


OPERATIONAL DESCRIPTION 


Input pin FNO controls an OR function which has six active LO outputs and three active HI 
outputs. Input pin MPL(0) controls gating modifier Gl which gates the top three outputs. 
Input pin MPL(2) controls G2 which gates the lower three outputs. The three outputs in the 
center are not gated. 
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12cQ-3 Fanout. 


LOGIC SYMBOL 
{cCOQ 


MPL(O) 41x 
MPL) 45x 


THIS BIAS HAS N@ AFFECT @N THE TYPE O USE (MULTIPLY) 


BIAS L® = CLFC 
BIAS HI = MPL(I) SNMPL, SNMCA, FANEN 
TERMINATE = TW@COR. ALS@, TERMINATE ND@(-2) IF N@T USED. 


OPERATIONAL DESCRIPTION 


Clock entering the 12CQ-3 on pin CLCK, clocks data (pin ONECMP) into a latch. Pin FNO 
controls gating modifier Gl which gates the output of the latch into the OR function. 


The OR function has six active LO outputs and three active HI outputs. Input pin MPL(0) 


controls G2 which gates the top three outputs. Input pin MPL(2) controls G3 which gates the 
lower three outputs. The three outputs in the center are not gated. 
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12CQ-4 Exclusive OR. 


LOGIC SYMBOL 


THIS BIAS HAS N®@ EFFECT N 
THE. TYPE © USE: (MULTIPLY) 
BIAS L@ = FANEN, FN@ 
BIAS HI = @NECMP, MPL(Q) 
ALS@, IF REMAINDER @F ARRAY IS N@T USED AS TYPE O 
(MULTIPLY) BIAS CLFC = HI AND CLCK = L® 


OPERATIONAL DESCRIPTION 


(None required.) 
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12CQ-5. Fanout With Ail Outputs Gated. 


LOGIC SYMBOL 
12CO 


FN@ 304 . 32 DBO) 


sl 25 NDOC) 
FANEN 47), 


BIAS L@ = MNECMP 

BIAS HI = MPL(I), SNMPL, SNMCA 

ALS@, IF REMAINDER @F ARRAY IS N@T USED AS TYPE O 
(MULTIPLY), BIAS CLFC = HI AND CLCK = L@ 

TERMINATE = TW@C@R, ALS®, TERMINATE ND@(O-2) IF N@T USED. 


OPERATIONAL DESCRIPTION 


Input FNO controls an OR function which has six active LO outputs and three active HI 
outputs. Gating modifiers Gl, G2 and G3 gate these outputs to the output pins. 
Translations of input pins FANEN, MPL(0), and MPL(2) control the gating modifiers. 


Translations of 1, 3, 5, or 7 activate G3. Translation of 0, 1, 2, 3, or 6 activate G2. 


Translations of 2, 3, 6, or 7 activate Gl. A translation of 4 does not activate any gating 
modifier and therefore all outputs are inactive. 
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60458120 B 


12CR 


REAL | VIRT 
PIN PIN 
CLCK 03 
CORR(O) 06 V07 


CORR(1) 08 V14 
CORR(2) 44 V21 


CORR(3) 48 V29 
CRIN(O) 11 V22 
CRIN(1) 45 V30 
CRIN(2) 43 V31 


ENAB 41 V32 
ENAX 35 V46 
ENBX 38 V47 
ENCI2 46 


ENCK 07 
MPC1A(0) 20 V04 
MPC1A(1) 26 V11 
MPC1A(2) 30 V18 


MPC1A(3) 34 V26 
MPC1B(0) 18 Vv0o2 
MPC1B(1) 22 vo9 
MPC1B(2) 27 V16 


MPC1B(3) 33 V24 
MPC2(0) 09 V06 
MPC2(1) 10 V13 
MPC2(2) 52 V20 


MPC2(3) 42 V28 
MPS1A(0) 17 Vvo1 
MPS1A(1) 24 Vos 
MPS1A(2) 25 V15 


MPS1A(3) 32 V23 
MPS1B(0) 19 V05 
MPS1B(1) 23 V12 
MPS1B(2) 28 V19 


MPS1B(3) 36 V27 
MPS§2(0) 16 V03 
MPS2(1) 12 V10 
MPS2(2) 15 V17 


MPS2(3) 


CROT(0) 
CROT(1) 05 V36 
CROT(2) 04 V39 


PC(0) 02 V37 
PC(1) 51 Vv40 
PC(2) 49 V42 
PC(3) 47 V44 


PS(0) 01 V38 
PS(1) 29 V4 
PS(2) 
PS(3) 
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12CR-O Seven to Two Multiply Product Adder (Block Diagram). 


LOGIC SYMBOL 


CROT(O-2) 


‘BIAS NONE : 


~ - 


OPERATIONAL DESCRIPTION 


The block diagram is used to save space on the logic diagrams. Refer to the ANSI 
symbol and its description. 
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12CR-O Seven-to-Two Multiply Product Adder (ANSI Symbol). 


LOGIC SYMBOL 


ToCR 
O oy GROTU) 
CROT(O-2) 
0,1 x CROTO,2) 
wee > (2) ’ 3) 
EX@R PARTIAL 
MPSIA(O~3) ay 0-3 0-3.  ,CABRY 
MeO | TH can pos = |rco-s 
MPS20-3)/)_n saa Og N_(@)-Ncp PC(O-3) 
MPC IAO-3)q eg ree Or” N—@ 
MPSIBIO-3) qn ot 
MPC2(0-3) mn CARRY 2 = PsO-3 
0-3 0-3 | 2k+ i f 
CORR(O-3) 30, ! Nc 
ENAX N aus . 
ce a 


ar 
ENAB [8 
CRINO-—2) 3) (1) Oo 3 


(2) (0,2) 2)2,3 
NS 
i 
ENCK 
CLCK . 


' BIAS NONE 


OPERATIONAL DESCRIPTION 


The 12CR-O adds seven four-bit operands and produces a partial carry and partial sum bit for 
each bit position. It then clocks these results into an output register. 


Add 

The 12CR-O performs the add with three functions: ALU, Partial Carry and Partial Sun. 
ALU Function 

The ALU function receives seven four-bit operands and produces three four-bit output 
highways, EXOR, Carry 1 and Carry 2. 


Gating modifier Gl gates in the MPC2(0-3) operand, G2 gates in the MPS2(0-3) operand. Gl is 
active when both ENBX and ENAB are active. G2 is active when both ENAX and ENAB are active. 
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12CR-0 (Contd) 


Bit N of the EXOR highway will be active (LO) when there are an odd number of active (LO) 
bit N inputs among the seven operands. The EXOR highway connects to both the Partial Carry 
and Partial Sum functions. 


Bit N of the Carry 1 highway will be active (LO) when there are 2, 3, 6, or 7 active (LO) 
bit Ns among the seven operands. The Carry 1 highway connects to the Partial Carry and 
Partial Sum functions with an on-chip wired left shift of l-bit position. Carry 1 bit 0 
leaves the array on output pin CROT(1). Bit 0 from the ALU connects to the next 
higher-order array where it will become Carry 1 bit 3. Bits 1-3 from the ALU are 
left-shifted to bit positions 0-2 and a new bit 3 enters on input pin CRIN(1). This is 
Carry 1 bit O from the ALU on the next lower-order array. 


Bit N of the Carry 2 highway will be active (LO) when there are 4 or more active (LO) bit Ns 
among the seven operands. The Carry 2 highway connects to the Partial Carry and Partial Sum 
functions with an on-chip wired left shift of 2-bit positions. Carry 2 bits 0 and 1 leave 
the array on output pins CROT(0,2), respectively. Bits O and 1 connect to the next higher- 
order array where they will become Carry 2 bits 2 and 3. Bits 2 and 3 are left-shifted to 
bit positions O and 1 and new bits 2 and 3 enter on pins CRIN(0-2), respectively. These are 
Carry 2 bits 0 and 1 from the next lower-order array. CRIN(2) is gated in by either ENAB LO 
or ENCI2 LO. 


Partial Carry 
The Partial Carry function receives the three four~bit input highways described in the ALU 
Function paragraph and produces Partial Carry bits 0-3. 


Partial Carry bit N is active (LO) when there are two or more active (LO) bit N inputs among 
the three highways entering the Partial Carry function. 


Partial Sum 
The Partial Sum function receives the three four-bit input highways described in the ALU 
Function paragraph and produces Partial Sum bits 0-3. 


Partial Sum bit N will be active (LO) when there are an odd number of active (LO) bit N 
inputs among the three highways entering the Partial Sum function. 


Output Register 
Pins ENCK and CLCK are ANDed to latch the partial carry and partial sum bits into the output 


register. Outputs PC(0-3) are the partial carry bits and PS(0-3) are the partial sum bits. 
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12CS-O Four-Input Multiplexer. 


LOGIC SYMBOL 


BIAS L@ = CLCKEN, CLCK 
BIAS HI = S(2), LATCH 


OPERATIONAL DESCRIPTION 


Pins S(O) and S(1) select one of four input highways to output highway Z. 
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12CS-1 Four-Input Multiplexer. 


LOGIC SYMBOL 


OAL 
LATCH O93 
CLCKEN 06, 


SO) __O8N5 
S(I) OT 


BIAS L® = 
BIAS HI = S(2) 


OPERATIONAL DESCRIPTION 


Pins S(O) and S(1) select one of four input highways. Pins CLCK and CLCKEN are ANDed to 
enable the selected data in the mux. The inputs to the mux will not be enabled if the 
control translation is less than 4. If the translation is less than 4, Gl is active. Gl 
gates the LATCH input allowing it to enter V. If V is active the output of Z is forced LO. 
If V is inactive it has no effect on the Z outputs. 
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12CS-2 Three-Input Multiplexer with Parity Checking or Parity Generation. 


LOGIC SYMBOL 


T@ USE AS A PARITY CHECK NETWORK 
PINS D(O-2) ARE THE PARITY BITS FOR 
THE A, B, AND C TRUNKS RESPECTIVELY. 
T@ USE AS A PARITY GENERATOR CONNECT 
PINS D(@-2) T® BIAS HI. 


CLCKEN, CLCK 


BIAS L® = 
I = S(2@), LATCH 


BIAS H 


OPERATIONAL DESCRIPTION 


Input Select Control 


Pins S(O) and S(1) select one of three input highways and one of three individual input pins 
through a pair of muxes when the select code equals 0, 1, or 2. The outputs of the muxes 
are undefined when the select code equals 3. 


Parity Check 
When the 12CS-2 is used for parity checking, input pins D(0), D(1), and D(2) receive the 


parity bits for input highways A, B, and C respectively. The =1 and 2K+l functions work 
together to perform an odd parity check. The 2K+l performs an odd parity check on the 
selected data and the result is exclusive ORed with the selected parity bit. Pin D(7) gates 
the result to output pin P. Output pin P will be LO when pin D(7) is LO and there is odd 
parity. 


Parity Generate 
When the 12CS-2 is used for parity generation, input pins D(0O), D(1), and D(2) are all 


biased HI. The =1 and 2K+l functions work together to generate the parity bit for an even 
parity. The 2K+l performs an odd parity check on the selected data and the result is 
exclusive ORed with the HI from the upper mux. Pin D(7) gates the result to output pin P. 
Output pin P is the new parity bit for the selected data. 
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12CS-3 Three-Input Multiplexer with Parity Checking or Parity Generation on the Output of 
the Registers. 


LOGIC SYMBOL 


ms 


T®@ USE AS A PARITY CHECK NETW@RK 
PIMS D(O-2) ARE THE PARITY BITS FOR 
THE A, B, AND C TRUNKS RESPECTIVELY. 
T@® USE AS A PARITY GENERATOR CONNECT 
PINS D(O-2) T@ BIAS HI. 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


Input Register Control 

Pins S(O) and S(1) select one of three input highways and one of three individual input pins 
to a pair of muxes. Pins CLCK and CLCKEN are ANDed to enable the selected data in the mux. 
Note that a translation of 4-6 produce gating modifiers GO-2 which control the muxes and a 
translation of 7 produces undefined outputs. Translations of less than 4 will make G3 
active (refer to Sign Extension). 


Sign Extension 


When the control translation is less than 4, G3 is active and GO-2 are inactive. G3 gates 
LATCH to control the OR modifier V, and the absence of GO-2 block all inputs to the muxes. 
When LATCH is LO, V is active and forces the Z outputs LO. When LATCH is HI, V is inactive 
and the Z outputs contain zeros (caused by the blocked mux inputs). 


When the control translation is 6, G2 is active and gates the C highway and D(2) into the 
muxes and also gates pin S(2) in to control V. When S$(2) is LO, V is active and the Z 
outputs are forced LO. When S(2) is HI, V is inactive and the contents of the C highway 
pass unaltered to the Z outputs. 
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12cS-3 (Cont “d) 


Parity Check 

When the 12CS-3 is used for parity checking, input pins D(0), D(1), and D(2) receive the 
parity bits for input highways A, B, and C respectively. The =1 and 2K+l functions work 
together to perform an odd parity check. The 2K+l perform an odd parity check on the 
selected data and the result is exclusive ORed with the selected parity bit. Pin D(7) gates 
the result to output P. Output P will be LO when pin D(7) is LO and there is odd parity. 


Parity Generate 
When the 12CS-3 is used for parity generation, input pins D(0), D(1), and D(2) are all 


biased HI. The =1l and 2K+l1 functions work together to generate the parity bit for an even 
parity. The 2K+l performs an odd parity check on the contents of the lower register and the 
result is exclusive ORed with the HI from the upper register. Pin D(7) gates the result to 
output pin P. Output pin P is the new parity bit for the selected data. 
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CLCKEN 
D(0) 
D(1) 
D(2) 
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12CT-O AND Gates. 


LOGIC SYMBOL 


04 215) 


(0) 35 

0) 

(0) 48 
36 A 


DI QB 
W 
hw 
2 V4 


VA 


(1) 33 

Sic 30 Z(0) 
arn 
S52) 52 


28 Z(4) 


iZ 


(0101) O101 


V4 
We 


pa pea pp 
GIN 
BIBI Blo 
NO] MD] 4] co 
iZ IZ 


BIAS L®@ 


= SCI), D(7) 
BIAS HI = SQ), C(7) 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 


The (0101) in the bottom of each box is for designer reference. 


of pins S(O), S(1), C(7), and D(7) respectively. 
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It denotes the biased state 
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12CT-1 AND Gates. 


LOGIC SYMBOL 


ec T 


6) 214 
PB 


24 
* 
05 


BIAS L®@ = S(1) C(7) 
BIAS HI = SO), D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The 0110 in the bottom of each box is for designer reference. It denotes the biased states 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-2 AND Gates. 


LOGIC SYMBOL 


WN 
ie>) 
iZ 


Dow 
Blolo 
NI] —|O4 
Zz 


Ls 
wy 
WN 
AJ 


OW 
Blo 
S10 


DIO 
a 
INES 
N]® 
{7 {7 


BS) 4 | 


cS) 45) 


BIAS L@ = S(1), C(7), D7) 
BIAS HI = S(O) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (0111) In the bottom of each box is for designer reference. It denotes the biased 
states of pins S(0), S(1), C(7) and D(7) respectively. 
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12cT-3 AND, OR Combinations. 


LOGIC SYMBOL 


DS) 43n 


BIAS L® = S(O) 


BIAS HI = S(1!) C(7), D7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1000) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-4 AND, OR Combinations. 


LOGIC SYMBOL 


28 Z(4) 


= SQ), D7) 
= S(1), C7) 


BIAS L@ 
BIAS HI 
OPERATIONAL DESCRIPTION 

Circuit operation is self-explanatory so no description is provided. 


The (1001) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CcT-4 (Cont “d) 


LOGIC SYMBOL 


iN 
LN 
LN 
LN 
IN 


in 
Gri e 


BIAS L® = S(O) D(7) 
BIAS HI = S(l) C(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1001) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12cT-5 AND, OR Combinations. 


LOGIC SYMBOL 


2 


iS 


Va 


30. _Z(Q) 


(7 7 


| 


) 


BIAS L@ = S(O) C(7) 
BIAS HI = S(1) D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1010) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-5 (Cont “d) 


LOGIC SYMBOL 


Aman 50_ ZG) 
[nh f29_Z(2) 


BIAS L@ = S(O), C(7) 
BIAS HI = S(1) D(7) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1010) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-6 AND, OR Combination. 


LOGIC SYMBOL 


M4) 20» 

on Toe, 
oe 
26 216) 

at) IT a 


iS 
inv) 


BIAS L@ = S(O) C(7} D(7) 
BIAS HI = S(1) 


wt eee . — 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1011) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-6 (Contd) 


LOGIC SYMBOL 


30 ~~ 


350 as 


eee 
eats a 


26 26) 


a5 


a bad 
io, 


B(7) 


BIAS L@ = S$ (0), C(7) D(7) 
BIAS HI = SUI) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1011) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-7 AND, OR Combination. 


LOGIC SYMBOL 


BLAS L® 
BLAS HI 


3(O.1) 
CCT), DIT) 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (1100) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-8 AND, OR Combination. 


LOGIC SYMBOL 


(0000) 8/01] 


BIAS L® = NONE 

BIAS HI = S(O,1), C(7), D(7) 

OPERATIONAL DESCRIPTION 

Circuit operation is self-explanatory so no description is provided. 


The (1100) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-9 AND Gates. 


LOGIC SYMBOL 


BIAS HI = S(O) 


BIAS L® = S(l), C(7), D7), AO), BIO) CO), DO), 
AQ), BO), C1), DUT), A(4) BI4) C(4), DI4) ¥ 


~ - 


OPERATIONAL DESCRIPTION 
Circuit operation is self-explanatory so no description is provided. 


The (0111) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7) respectively. 
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12CT-10 AND, OR Combinations. 


LOGIC SYMBOL 


AO) 34, 
B(O) 49 2(1) 


P 


150 (3) 


BIAS L@ = S(O), C(7) 
BIAS HI = A(6-7), SCI) D(7) 


OPERATIONAL DESCRIPTION 


Output pin Z(1) is the OR of all four AND gates. Output pin Z(3) is the OR of the lower 2 
AND gates. 


The (1010) in the bottom of each box is for designer reference. It denotes the biased state 
of pins S(0), S(1), C(7), and D(7). 
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12cT-11 AND and OR Gates to a Mux. 


LOGIC SYMBOL 


D(S) 43N 


BIAS L@ = S(O) wo % 
BIAS HI = Dt?) 


OPERATIONAL DESCRIPTION 
Input pins C(7) and S(1) are translated to select AND gates or AND/OR gates. 
Translations of 0 and 3 produce undefined results. 


A translation of 1 gates an AND of A(0), B(0O), C(0), D(O), and LATCH.to output pin Z(0). 
This translation also gates an AND of A(1), B(1), C(l), D(1), and S(2) to output pin Z(1). 


A translation of 2 gates the OR of four four-input AND gates to output pin Z(1) and the 
complement of that same logic to output pin Z(0). 


The (1XX0) in the bottom of the box is for designer reference. It denotes the biased states 


of pins S(0), S(1), C(7), and D(7) respectively. Note in this case however, that pins S(1) 
and C(7) are not biased and are shown as Xs. 
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12CU-0 9-Bit Registers. 


LOGIC SYMBOL 


BIAS L® = V2\ 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


inputs A(0-7) and PA, 6 clocks inputs B(0-7) (active HI) and PB (active LO), and 7 clears 
the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when input pins C(0-3) and C(4-7) are active (HI), 
respectively. 


Lower Register 
Input pins V22, V23, and CLCK control the lower register. A control translation of 5 clocks 


inputs B(0-7) and PB, 6 clocks input B(0-7) (active HI) and PB(active LO), and 7 clears the 
register. 


Output pin V37 is active (LO) when an odd number of parity checker inputs are active. 


Output pins V38 and V39 are active (LO) when input pins D(0-3) and D(4-7) are active (HI), 
respectively. 
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12CU-1 Two 9-Bit Registers. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Upper Register 
Input pins V19, V20, and CLCK control the upper register. A control translation of 5 clocks 


inputs A(0-7) and PA, 6 is undefined, and 7 clears the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
Output pins V26 and V27 are active (LO) when input pins C(0-3) and C(4-7) are active (HI), 
respectively. 


Lower Register 
Input pins V22, V23 and CLCK control the lower register. A control translation of 5 clocks 


inputs B(0-7) and PB, 6 is undefined and 7 clears the register. 
Output pin V37 is active (LO) when an odd number of parity checker inputs are active. 


Output pins V38 and V39 are active (LO) when input pins D(0-3) and D(4-7) are active (HI), 
respectively. 
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12CU-2 16-Bit Register. 


LOGIC SYMBOL 


NOTE: /\UNDEF INED 


INPUT PINS ARE: A(-7) BO-7) 
MUTPUT PINS ARE: C(O-7), D(O-7) 


BIAS L@ = V2I, PA, PB 
BIAS HI = NONE 
TERMINATE = V26, V2T, V38, V39 


OPERATIONAL DESCRIPTION 
Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 


register. A control translation of 5 clocks the input data, 6 is undefined, and 7 clears 
the register. 
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12CU-2 8-Bit Registers. 


LOGIC SYMBOL 


N@TE: /\UNDEFINED 


BIAS L@ = V2I, PA, PB 
BIAS HI = NQ@NE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK or V22, V23 and CLCK control their respective registers. A 
control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 
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12CU-3 Register with Parity. 


LOGIC SYMBOL 


C(O-7),D(0-7), 


GTR 
. fec7 kev v25 
V20 38, aa S74 2K+ | 

VI) 42n) 

VIS 42n @7 1)-S 


NOTE: /\ UNDEFINED 


B(O-7)PB 


NoTE: /\ UNDEFINED 


BIAS L@ = v2I 
BIAS HI = NONE , 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Two 8-Bit Registers with Parity 
Input pins V19, V20, and CLCK or V22, V23 and CLCK control their respective registers. A 


control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs are 
active. 


16-Bit Register with Parity 
Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 


register. A control translation of 5 clocks inputs A(0-7), B(O-7), PA, and PB, 6 is 
undefined, and 7 clears the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs A(0-7) 
and PA, or B(0-7) and PB are active, respectively. 
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12CU-3 8-Bit Registers with Parity. 


LOGIC SYMBOL 


rh 
Q 
e 


cK+! RP 


BO) 2 D(O) 


(1) 08 


\ 


Ol _v37 

O7 

06 
05 

22 

21 
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23 

25 


wa] Kee] Ces 

iS) 

—lOj4- 

~S CO] — 
7 f7 {7 [7 {7 
Aoofofofofo 
DOOloOfofo] ojo 


(3) O09 
(4) 
6) 
(6) 
(7) 


Ola 
(7 {7 7 


K2i_ DG) 


L D(I 
q D(2 
Q D5 
ws 


Qo] GO} Go] 


a) 
Go 
@ 

2 


BIAS L@ = V2I 
BIAS HI = NONE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 

Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. A 
control translation of 5 clocks input data A(0-7), PA, and B(0-7), PB, 6 is undefined, and 7 
clears the register. 


The 12CU-3 divides into two areas; the common control block and the common output block. 


The common control block (above the double line) contains the odd parity checker. The 
common output block monitors the outputs of the register. 


Output pins V25 and V37 are active (LO) when an odd number of parity checker inputs are 
active. 
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12CU-4 18-Bit Register. 


LOGIC SYMBOL 


NOTE: /\UNDEF INED 


|. INPUT PINS ARE: A(O-7, PA, B(O-7), PB 
@UTPUT PINS ARE: C(O-7) PC, D(-7), PD 


2, USE @F PA AND PB F®R DATA MAY VI@LATE L@AD BALANCING RULE. 


BIAS L® = v2I 
BIAS HI = N@NE 
TERMINATE = V26, V27, V38, V39 . rp 


OPERATIONAL DESCRIPTION 
Input pins V19 and V22 (tied together), V20 and V23 (tied together), and CLCK control the 


register. A control translation of 5 clocks the input data, 6 is undefined and 7 clears the 
register. 
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12CU-4 9-Bit Register. 


LOGIC SYMBOL 


oe 
ae. 
rash 
V22 I9x 


NOTE: aa 


NOTE: /\UNDEFINED 4 


. INPUT PINS ARE: A(O-7), PA, B(O-7) PB 
QUTPUT PINS ARE: C(O-7), PC, D(O-7), PD 


2. USE @F PA AND PB FOR DATA MAY VI@LATE L@AD BALANCING RULE. 


BIAS L® = V2l 
BIAS HI = NONE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK or V22, V23, and CLCK control their respective registers. A 
control translation of 5 clocks the input data, 6 is undefined, and 7 clears the register. 
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12CU-5 9-Bit Register. 


LOGIC SYMBOL 


[NOTE /\UNDEF INED 5 [or] 


Note: 
1. INPUT PINS ARE: A(0-7), PA 
OUTPUT PINS ARE: C(0-7), PC 


BIAS L@ V2\ 
BIAS HI N@NE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK control the register. A control translation of 5 clocks the A 
input data, 6 is undefined, and 7 clears the register. 
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12CU-5 9-Bit Register with B(0-7) Inverted. 


LOGIC SYMBOL 


Note: 
1. INPUT PINS ARE: B(0-7), PB 
OUTPUT PINS ARE: D(0-7), PD 


OPERATIONAL DESCRIPTION 
Inputs pins V22, V23, and CLCK control the register. A control translation of 5 clocks the 


B and PB inputs (all active LO), 6 clocks the B inputs (active HI) and PB (active LO), and 7 
clears the register. 
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12CU-6 8-Bit Registers with Parity. 


LOGIC SYMBOL 


C(0-7)PC 


NOTE: /\ UNDEFINED 


BIAS L® = V2! 

BIAS HI = NONE 

TERMINATE = V26, V27, V38, V39 
OPERATIONAL DESCRIPTION 


Input pins V19, V20, and CLCK control the register. A control translation of 5 clocks 
inputs A(0-7) and PA, 6 is undefined, and 7 clears the register. 


Output pin V25 is active (LO) when an odd number of parity checker inputs are active. 
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12CU-6 (Cont “d) 


LOGIC SYMBOL 


BIAS L@ = v2! 
BIAS HI = NONE 
TERMINATE = V26, V27, V38, V39 


OPERATIONAL DESCRIPTION 


Input pins V22, V23, and CLCK control the register. A control translation of 5 clocks input 
PB active (LO) into the upper register and inputs B(0-7) active (LO) into the lower 
register. A control translation of 6 clocks input PB active (LO) into the upper register 
and inputs B(0-7) active (HI) into the lower register. A control translation of 7 clears 
the register. 


Output pin V37 is active (LO) when an odd number of parity checker inputs are active. 


60458120 B 2 of 2 


12CV-0 256 by 4-Bit RAM. 


LN 


Sled: LOK 
SCID: Shin 
300) 34n 


Dio) zac? — 30 T(0) 


AC5,1D AIO, 
De a 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 12CV can write to or read from any one of 256 locations. 


Inputs 


W/ through WO are the address bits that are translated into write and read addresses. 


WE controls the Write (WE = LO) and rad (WE = HI) operations. 


$3 through SO (active state = LO) select the data inputs and outputs. 


D3 through DO are the data inputs. 


Outputs 
T3 through TO are the data outputs. 


Write Operation 


When WE is LO, clock modifier C5 clocks the write data into a memory location. 


Read Operation 


When WE is HI, gate modifier G10 gates the read data from a memory location. 
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PREFACE 


This manual is one of a set of manuals for the cpc® cyBER 170 Models 845 and 855 Computer 
Systems, CYBER 180 Models 840, 845, 850, 855, 860, and 990 Computer Systems, CYBER 8405, 
845S, 855S, 840A, 850A, 860A, 870A, 990E, and 995E Computer Systems, and the CYBERPLUS 
Parallel Processor. The System Publication Indexes on the following pages list other 
manuals that are applicable to the computer equipment. 


This manual contains two volumes. Volume 1 contains the key to level 4 (14) diagrams 
section and the Symbol Descriptions section for the 12AA through 12CV LSI arrays. Volume 2 
contains the Symbol Descriptions section for the 12DA through 12DD LST arrays, the 12SA 
through 12SX LSI arrays, the 12101 through 12474 Emitter Coupled Logic (ECL) 100,000 series 
microcircuits, and the 121HA through 121HH half-arrays. 


The key to L4 diagrams section describes the L4 diagrams and supplementary charts such as 
backup charts and connector charts. The Symbol Descriptions section provides an operational 
description, pin number and bias information for every logic circuit used in the central 
processor. 


This manual is intended primarily for customer engineers and does not contain design ground 


rules. Logic designers should refer to applicable Control Data specifications and vendor 
literature for complete electrical characteristics and application guidelines. 
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CPOVCMC WIRE LIST 
MQDEL 860 
Ge _60461640 


CP WIRE LIST CP/CMC WIRE LIST CPI7CMC WIRE LIST 
G 60469080 GF 60457300 (845) MODEL 860 
GF_ 60458240 (855) G_60462990 


CM WIRE LIST 
G 60458250 


CM WIRE LIST 
GF 60461630 
CABLES WIRE LIST 
GF 60461650 
CRBLING SYSTEM 
60461610 
P@wER AND TEMPERATURE 


PRETECT SYSTEMS 
60433221 


CM WIRE LIST 
GF 60458290 
CABLES WIRE LIST 
GF 60469120 


C@2QLING SYSTEM 
60455930 


P@WER DISTRIBUTION AND WARNING 
(EXCEPT WIRE LISTS) 
60455920 


PQWER DISTRIBUTI2N AND WARNING 
WIRE LISTS 
G 60459980 GF 60461890 


INSTL/ CHECKOUT INSTL/ CHECKBUT INSTL/ CHECKBUT 
60469040 £0458! 60 60461 660 
KEY 10 LOGIC SYMBOLS 
604501 20 


| 
40-KVA CONTROL CABINET AND 
ASSQCIATED MGS HIM 60454720 

See 
@0-KVA CONTROL CABINET AND 
ASSOCIATED MGs HMM 60455810 

eae 


GENERAL DESCRIPTION 
60459960 


CABLES WIRE LIST 
GF 60458230 


CP/1@U POWER DISTR. 


WARNING 
(EXCEPT WIRE LISTS) 
60461620 


CP/IOU PRWER DISTR. 
AND WARNING 
WIRE LISTS 


SYSTEM 
MANUALS 


CYBER 170/180 
MODELS 835, 840. 645, BSO. 855. 
660, AND 990 (CYBER I7O STATE? 
HARDWARE REFERENCE MANUAL 
60469290 


CYBER |70/ 180 
MODEL &35 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL. V@LUME I 
60469690 


CYBER 170/180 
MQDELS 840. 845. B50. 
855. AND 660 (VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL. VOLUME I 
60461 320 


CYBER 170/180 
W2DELS BIO. 815, 825, 830. B35. 840. 
645, 850. B55, B60. AND 990 
(VIRTUAL STATE ) 
HARDWARE REFERENCE MANUAL, VOLUME II 
60458890 


SECTION | 
SITE PREPARATIQN - GENERAL 
60275100 


SECTION 2 
M2DEL 835 

SITE PREPARATION - SYSTEM DATA 
60469010 


SECTION 2 
MEDELS 845 AND 855 
SITE PREPARATION - SYSTEM DATA 
60458210 


SECTION 2 
MODELS 640. 850. AND B60 
SITE PREPARATION - SYSTEM DATA 
60462300 


SECTION 3 
SITE PREPARATION - 
PERIPHERAL EQUIPMENT 
60275300 


SECTION 4 
SITE PREPARATIBN - 
VONTTORING AND POKER DATA 
60451 300 


CYBER 170/180 
M2@DELS 635. 845. AND 855 
HARDWARE @PERAT@RS GUIDE 

60458390 


CYBER 170/180 
M2DELS 840. 850. AND B60 
HARDWARE QPERATORS GUIDE 

60463100 


ECL 10K MICR@CIRCUITS 
60417700 
MAINTENANCE REGISTERS 


CODES BOOKLET 
604581 10 


CODES BOOKLET 
60458100 
CYBER 170/180 
MODELS 835. B40. 845. 850, 855. AND 860 
STANDARDIZED MAINTENANCE APPROACH AND 


QUICK REFERENCE MANUAL, VOLUME I 
60461 750 


CYBER 170/180 
MODELS B40. 845. 6850. 855, AND &60 
STANDARDIZED MAINTENANCE APPR@ACH AND 
QUICK REFERENCE MANUAL, VOLUME IT 
60461 751 


CYBER 170/180 
VRDELS B40. 845. 850, 855. AND &60 
STANDARDIZED MAINTENANCE APPROACH AND 


QUICK REFERENCE FLOWCHART PRCKET CARD 
60461 752 


SY SINOEx B85 


60458120 F 
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SYSTEM PUBLICATIAN INDEX 


CYBER 840S,845S,855S, 840A.850A,660A, AND 870A 


HARDWARE MANUALS 


HARDWARE MAINTENANCE MANUALS 


CYBER 845S AND 6855S CYBER 840A.650A,860A, AND GT0A 
1/8 UNIT L4 DIAGRAMS 
60462210 
I/@ UNIT LO - L3 THE@RY AND DIAGRAMS 
60463540 
1/8 UNIT WIRE LIST 
60462200 


CP/CM THEGRY 
604591 TO 


CP/CM LO-L3 DIAGRAMS 
604581 BO 
CP/CM L4 DIAGRAMS 
604581 90 


CP/CM MAINTENANCE/ PARTS 
60463440 


CYBER 8405 
CPO/CMC WIRE LIST 
60463660 


CYBER 845S 
CPO/CMC WIRE LIST 
60463460 


CYBER 855S 
CPO/CMC WIRE LIST 
60463470 


CYBER 6845S AND 865S 
CABLES 
60463500 


CYBER 840A 
CPO/CMC WIRE LIST 
60462970 


CYBER @50A 
CPO/CMC WIRE LIST 
60462980 


CYBER S60A 
CPOQ/CMC WIRE LIST 
60461640 


CYBER 860A 
CPI/CMC WIRE LIST 
60462990 


CYBER 870A 
CPO/CPI/CNMC WIRE LIST 
60463530 


CYBER 840A,B50A.860A. AND B70A 
CABLES 
6046! 650 

CYBER 840A.B50A,860A. AND 870A 


CM WIRE LISTS 
60461 620 


P@¥ER AND TEMPERATURE PROTECT SYSTEMS 
60433221 


PQWER DISTRIBUTIGN AND WARNING SYSTEMS 
60461620 


POWER DISTRIBUTION AND WARNING SYSTEMS WIRE LISTS 
60461690 


CQQLING SYSTEM 
60461610 


INSTL/ CHECKQUT 
60463420 


KEY 18 LOGIC SYMBOLS 
604581 20 


40-KVA CONTROL CABINET AND ASSOCIATED MGs HWM 
60454T20 


GO-KVA CONTROL CABINET AND ASS@CIATED NGs HWM 
60455810 


GENERAL DESCRIPTION 
60459960 


SYSTEM MANUALS 


CYBER 8455 AND BSSS 
(CYBER 170 STATE) 
HARDWARE REFERENCE MANUAL 
60463390 


CYBER 840A.850A,860A, AND GTOA 
(CYBER 1TO STATE) 
HARDWARE REFERENCE MANUAL 
60463560 


CYBER 8495S AND 8955S 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL, VOLUME I 
60463400 


CYBER 640A, 850A,960A, AND STOA 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL. V@LUME T 
604635TO 


CYBER §45S AND 855S 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANUAL, VOLUME IT 
60463410 


CYBER 640A, 850A,860A, AND GTOA 
(VIRTUAL STATE) 
HARDWARE REFERENCE MANVAL. VOLUME IT 
60463580 


SECTION | 
SITE PREPARATIQN - GENERAL 
60275100 


SECTION 2 
CYBER B40A.BSOA.860A, AND 8TOA 
SITE PREPARATION - SYSTEM DATA 
60463550 


SECTION 2 
CYBER 68455 AND B55S 
SITE PREPARATION - SYSTEM DATA 
60463380 


SECTION 3 
SITE PREPARATIOQN - PERIPHERAL EGUIPMENT 
60275300 


SECTION 4 
SITE PREPARATION - 
MONT TORING AND PQWER DATA 
60451300 


CYBER 845S AND 8655S 
HARDWARE QPERATORS GUIDE 
60463420 


CYBER 640A,850A,860A, AND 8TOA 
HARDWARE QPERAT@RS GUIDE 
60463590 


ECL 10K MICR@CIRCUITS 
60417700 
MAINTENANCE REGISTERS CQDES BO@KLET 
604581 10 
CQ@DES BOOKLET 
60458100 


STANDARDIZED MAINTENANCE 
APPR@ACH AND QUICK REFERENCE MANUAL 
VOLUME I 
60463450 


STANDARDIZED MAINTENANCE 
APPR@ACH AND QUICK REFERENCE MANUAL 
VOLUME IT 
60463480 


STANDARDIZED MAINTENANCE 
APPRBACH AND QUICK REFERENCE FL@WCHART 
P2CKET CARD 
60463450 
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SYSTEM PUBLICATIQN INDEX 


CDC CYBER 180 M@DEL 990 


CDC CYBER J90E, 9S5E 
HARDWARE MANUALS 


SYSTEM 
MANUALS 


HARDWARE MAINTENANCE 
MANUALS 


GENERAL DESCRIPTION VIRTUAL STATE HARDWARE REFERENCE MANUAL 
HARDWARE MAINTENANCE MANUAL V@LUME I 


60459960 60462090 


CENTRAL PROCESSING UNIT. VIRTUAL STATE HARDWARE REFERENCE MANUAL 
CENTRAL MEMORY CONTROL, V@LUME IT 
CENTRAL MEWARY (SSQE. SSSE ONLY) 60456890 
THE@RY @F OPERATION AND DIAGRAMS 
62100 


CYBER 170 STATE 
HARDWARE REFERENCE MANUAL 


INPUT/QUTPUT UNIT 60469290 
L4 DIAGRAMS 
60462210 
SECTION | 
SITE PREPARATION - GENERAL INFORMATION 
TNPUT/2UTPUT UNIT 60275100 
THEORY QF SPERATIQN AND DIAGRAMS 
60463540 
SECTION 2 
SITE PREPARATION - SYSTEM DATA 
CENTRAL MEMORY (990 BNLY) 60462120 1990). 60463520 (990E, 995&) 
THEQRY @F OPERATION. DIAGRAMS. AND WIRE LISTS 
60456930 
SECTION 3 
CENTRAL PROCESSING UNIT. SITE PREPARATION pple EQUIPMENT DATA 
CENTRAL MEM2RY CONTROL, 
CENTRAL MEMORY (SSOE. SS5E BALY) 
L@GIC DIAGRAMS 
60462150 SECTION 4 
SITE PREPARATION - MONIT@RING AND POWER DATA 
60451500 


CENTRAL PR@CESS@R 
CHECKQUT TABS 
60462160 (990), 60463670 (990E, 995) 


L@GIC DIAGRAM SYMBOLS MANUAL 
VOLUMES I AND IT 


INPUT/QUTPUT UNIT FO458I 20 


WIRE LISTS 
60462200 


ECL MICR@CIRCUITS 
{77 


P@WER DISTRIBUTION AND WARNING SYSTEM 
60461 620 


g 
8 


STANDARDIZED MAINTENANCE APPR@ACH AND 


INPUT/QUTPUT UNIT MANUAI 
POWER AND TEMPERATURE PROTECTION mae alee 10 see 
60433221 
PRWER DISTRIBUTION AND WARNING SYSTEM STANDARDIZED MAINTENANCE APPROACH AND 
WIRE LISTS QUICK REFERENCE MANUAL VOLUME II 
60461 890 60462111 


CENTRAL PROCESSOR. CENTRAL MEMORY, AND 
INPUT/QUTPUT UNIT - CROSSTABS CODES BOOKLET 
60462180 (990), 60463660 (990E. 9955) 60458100 


MAINTENANCE AND PARTS 
60462150 


: 


MAINTENANCE REGISTER CODES BOQKLET 
604581 [0 


CENTRAL MEMORY (990 @NLY) 
MAINTENANCE AND PARTS 
60458260 
SITE ENVIR@NMENTAL MAINTENANCE HANDBOOK 
60424500 
CQQLING SYSTEM 
60461610 


HARDWARE QPERATOR’S GUIDE 
INSTALLATION AND CHECKQUT 60460700 
60461310 (990), 60463690 (990E, 9956) 


CENTRAL PROCESSOR. CENTRAL MEMORY : G0-kVA CONTROL CABINET AND 
INSTALLATI@N AND CHCCKQUT OPTIONS ASSOCIATED M@TOR GENERATORS 
60463700 (990), 60463680 (9906) 60455810 


i 
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RELATED PUBLICATIONS (CYBERPLUS) 


Following is a list of other manuals applicable to the CYBERPLUS Multiparallel Processor 
System. The manuals are available from: 


Control Data Corporation 

Literature and Distribution Services 
308 North Dale Street 

St. Paul, Minnesota 55103 


Publication 

Title Number 
Medium and Large Scale Computer 60275100 
Systems, Site Preparation Manual, 
Section 1, General Information 
CYBERPLUS Parallel Processor 60461720 
Site Preparation Manual, Section 2, 
Site Data 
Medium and Large Scale Computer 60275300 
Systems, Site Preparation Manual, 
Section 3, Peripheral Equipment Data 
Medium and Large Scale Computer 60451300 
Systems, Site Preparation Manual, 
Section 4, Monitoring and Power Data 
Site Environmental Maintenance 60424500 
Handbook 
CYBERPLUS Parallel Processor 60461740 
Hardware Maintenance Manual, Volume 1 
Installation and Checkout 
CYBERPLUS Parallel Processor 60461850 
Hardware Maintenance Manual, Volume 2 
Maintenance and Parts Data 
CYBERPLUS Parallel Processor 60461830 
Hardware Maintenance Manual, Volume 3 
Diagrams 
CYBERPLUS Parallel Processor 60462390 
Hardware Maintenance Manual, Volume 4 
Troubleshooting 
CYBERPLUS Parallel Processor 77960981 
Hardware Reference Manual 
CYBERPLUS Parallel Processor 60461870 


Wire Lists 
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RELATED PUBLICATIONS (CYBERPLUS), Contd 


Title 


CYBERPLUS Parallel Processor 
CYBER 180 Models 840, 850, 860, 990 


CYBER 840S, 845S, 855S, 840A, 850A, 860A, 870A, 


990E, 995E 
Cooling System 
Hardware Maintenance Manual 


CYBERPLUS Parallel Processor 
CYBER 180 Models 840, 850, 860, 990 


CYBER 840S, 845S, 855S, 840A, 850A, 860A, 870A, 


990E, 995E 
Power Distribution and Warning System 
Hardware Maintenance Manual 


25-kVA Frequency Converter 
Hardware Maintenance Manual 


40-kVA Control Cabinet and 
Associated Motor-Generators 
Hardware Maintenance Manual 


80-kVA Control Cabinet and 
Associated Motor-Generators 
Hardware Maintenance Manual 


CYBERPLUS Parallel Processor 
Maintenance Software Manual 


Concurrent Maintenance Library 
(CML) Reference Manual 


Publication 
Number 


60461610 


60461620 


60456520 


60454720 


60455810 


60461730 


60455980 
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CONTENTS 


VOLUME 1 12 AM 
12A0 
1. KEY TO LEVEL 4 LOGIC DIAGRAMS 12 AP 
12AR 


Introduction 1-1 
AD112 ECL 1OOK Level 4 Diagram 1-3 
AD112 LSI Level 4 Diagram 1-5 
AD115 100K Level 4 Diagram 1-7 12CC 
AD115 LSI Level 4 Diagram 1-9 
1-1 
1-1 


Title Blocks -11 12CE 
Symbology -12 12CF 
LSI Half-pak Array 1-14 12CG 
Stacking 1-15 12CH 
Functional Interconnection 1-16 12CI 
Interconnection Techniques 1-17 12CJ 
Highwaying 1-17 12CK 
Connections 1-19 12CL 
Bit Number Changes 1-20 12CM 
Bracketing 1-22 12CN 
Bias/Constants 1-23 12CP 
Extending/Delaying 1-24 12CQ 
References 1-25 12CR 
Test Points 1-29 12cSs 
Signal Levels 1-29 12CT 
Notes 1-30 12CU 
AD112 Level 4 Backup Chart 1-30 12CV 
AD112 Level 4 Backup Chart 1-31 
AD115 Level 4 Backup Chart 1-35 
AD115 Level 4 Backup Chart 1-37 
AD112 Level 4 Connector Charts 1-41 VOLUME 2 
AD112 Level 4 Auxiliary Board 
Connector Chart 1-43 12DA 
AD112 Level 4 ZIF Connector Chart 1-45 12DB 
AD115 Level 4 Connector Chart 1-48 12DC 
AD115 Level 4 Connector Chart 1-49 12DD 
12SA 
12SB 
2- SYMBOL DESCRIPTION SHEETS 12SC 
12SD 
Introduction 2-1 12SG 
Information Categories 2=1. 12SH 
Symbols 12SI 
12AA 12SP 
12AB 12ST 
12AE 12SU 
12AF 12SX 
12AG 12101 
12AH 12102 
12AT 12107 
12AJ 12112 
12AK 12114 
12AL 12117 
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DI(0) 
D1(1) 
DI(2) 
DI(3) 


D1i(4) 
Di(5) 
DI(6) 
DI(7) 


DI(8) 
DI(9) 
DI(10) 
DI(11) 


D1(12) 
DI(13) 
DI(14) 
DI(15) 


S0(0) 
$0(1) 
$0(2) 
$0(3) 


$1(0) 
$1(1) 
$1(2) 
$1(3) 


$2(0) 
$2(1) 
$2(2) 
$2(3) 


$3(0) 
$3(1) 
$3(2) 
$3(3) 


$4(0) 
$4(1) 
$4(2) 
$4(3) 


$5(0) 
$5(1) 
$5(2) 
$5(3) 


12DA 


REAL | VIRT 
PIN | PIN 


vo2 
VO3 
Vvo4 


vos 
vo6 
V0O7 
vos 


vog 
v10 
Vv11 
Vvi2 


V13 
V14 
Vv15 
Vv16 


v19 
V20 
V17 
v18 


V23 
V24 
V21 
V22 


V27 
V28 
V25 
V26 


V31 
V32 
V29 
V30 


V35 
V36 
V33 
V34 


V39 
v40 
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12DA-O Crossbar Switch. 


LOGIC SYMBOL 


30( 0-3) 


4) 
18.15.20,16 
S1(0-3 1p 


blp> 
jz 
Out Sin 


1O1 


= N 

= N 
26.23.28.2e¢ 

52(0-3) N 
37,38,54,356 

$3(0-3) N 

N 

N 


5.46,.2,51 
sotO-5! 


42.41.43, 44 


4) 
4) 

-3) 
54(0-3 4) 
4) 


DI(O-15) 
(6) 


48.49,45,52, 
7.6.8.5, 

35,353.32,29, 
aa cae eo rai ea 


OPERATIONAL DESCRIPTION 


The 12DA-O0 array decodes incoming select bits and routes the incoming data bits 
accordingly. The select bits are four-bit groups coming from six different select 
registers. They specify which bit of the 16 incoming data bits is to be sent to any or all 
of the six possible output locations. However, the four-bit select groups are output-line 
specific (iee. the group SO0(0-3) controls only the output line DO(O) and therefore can only 
direct the selected bit of data to one location). 


The incoming data is 16 single bits, each from the identical bit position of a maximum of 16 
different data words. 


The mux can select from one to six of up to 16 different data bits, and can individually 
route the selected bits to different locations simultaneously. 
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12DB 


REAL | VIRT 
PIN | PIN 
17 
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12DB-0 Shadow Register, 12 Bits, Dual Gate. 


LOGIC SYMBOL 


MASTER SLAVE 


‘ YC2D 
C2. 2 it 
EN2 46 hin 2 5,7 
ee 


G@2__ 43 


OPERATIONAL DESCRIPTION 


Data presented to the 12DB-0 array is available from the output lines of the master and 
slave registers during normal operation. The output from the slave registers is available 
to be gated to output lines for shadow selection and back into the master registers for 
restoration. 


When an interrupt occurs the data is captured by the slave registers. Then, upon 
restoration of normal operation, the data is reestablished at the master registers by the 
slaves (note polarity of clock 1, above) and the operation resumes from the conditions that 
existed at the moment the interrupt occurred. 


The 12DB-O array consists of master registers of four and eight bits and equivalent slave 
registers. The input control for the master registers is the translation of a clock, enable 
one, and a transfer signal which selects the data to be captured. Separate clock signals 
control the A-rank (four-bit) and the B-bank (eight-bit) registers. The input control for 
the slave registers consists of two signals. The same clock signals (but opposite polarity) 
that is presented to the master registers, and enable slave. 


The outputs available are from the master registers and the gated outputs from the slave 
registers. The true signal from the slaves is also routed back into the master registers. 
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12DB-1 Shadow Register, 8 Bits, Single Gate. 


LOGIC SYMBOL 


MASTER SLAVE 


® 
22216614. 
51.49.47, 


OPERATIONAL DESCRIPTION 


This symbol is the lower section of a 12DB-0. The data input, B(0-7), to this array is 
output from the array on the master and slave register output lines. Slave output is 
available for gating on the output lines for shadow selection and back into the master 
register for restoration. 


When an interrupt occurs, data is captured by the slave register. On restoration of normal 
operation, data is reestablished by gating slave register output to master register input. 
Operation then can resume, picking up conditions that existed at the moment the interrupt 
occurred. 


The array has master and slave registers, each eight bits, and for the master register, an 
input control which is the translation of clock C2, enable EN2, and transfer signal XFR. 
Input control for the slave register consists of clock C2 (inverted from C2 at the master), 
and enable ENS. 


Gated outputs are available from master and slave, and the true signals from the slave are 
also routed back to the master register input. ; 
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12DB-2 Shadow Register, 4 Bits, Single Gate. 


LOGIC SYMBOL 


MASTER SLAVE 


OPERATIONAL DESCRIPTION 


This symbol is the upper section of a 12DB-0. The data input, A(0-3), to this array is 
output from the array on the master and slave register output lines. Slave output is 
available for gating on the output lines for shadow selection and back into the master 
register for restoration. 


When an interrupt occurs, data is captured by the slave register. On restoration of normal 
operation, data is re~established by gating slave register output to master register input. 
Operation then can resume, picking up conditions that existed at the moment the interrupt 
occurred. 


The array has master and slave registers, each four bits, and for the master register, an 
input control which is the translation of clock Cl, enable EN1, and transfer signal XFR. 
Input control for the slave register consists of clock Cl (inverted from Cl at the master), 
and enable ENS. 


Gated outputs are available from master and slave, and the true signals from the slave are 
also routed back to the master register input. 
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12DB-3 Shadow Register, 12 Bits, Single Gate. 
LOGIC SYMBOL 


MASTER SLAVE 


(2 
ck galore leary ae 
6.4,51.49,47,45 


EN! 29.46 A 
XFR_ 8 ITN 


(2 
GOl.2 35. ee 24.25.29. 


ENS 10 


OPERATIONAL DESCRIPTION 


This symbol is the full 12DB-0 depicted as a single symbol. Data input, A(0-3), B(0-7), 
this array is output from the array on the master and slave register output lines. Slave 
output is available for gating on the output lines for shadow selection and back into the 
master register for restoration. 


When an interrupt occurs, data is captured by the slave register. On restoration of normal 
operation, data is reestablished by gating slave register output to master register input. 
Operation then can resume, picking up conditions that existed at the moment the interrupt 
occurred. 


The array has master and slave registers, each 12 bits, and for the master register, an 
input control that is the translation of clocks Cl and C2 (tied together externally), 
enables EN1 and EN2 (tied together), and transfer signal XFR. Input control for the slave 
register consists of clocks Cl and C2 (tied together and inverted from Cl and C2 at the 
master), and enables EN1 and EN2 (tied together). 


Gated outputs are available from master and slave, and the true signals from the slave are 
also routed back to the master register input. 
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12DB-4 Shadow Register, 12 Bits, Dual Gate. 


LOGIC SYMBOL 


MASTER SLAVE 


OPERATIONAL DESCRIPTION 


This symbol is a special 12DB-0 case (B-inputs and F-outputs are split). The data input, 
A(0-3), B1(0-3), B2(4-7), to this array is output from the array on the master and slave 
register output lines. Slave output is available for gating on the output lines for shadow 
selection and back into the master register for restoration. 


When an interrupt occurs, data is captured by the slave register. On restoration of normal 
operation, data is reestablished by gating slave register output to master register input. 


Operation then can resume, picking up conditions that existed at the moment the interrupt 
occurred. 


The array has four and eight-bit master and slave registers. For the four-bit master 
register, input control is the translation of clock Cl, enable EN1, and transfer signal 
XFR. Input control for the four-bit slave register consists of clock Cl (inverted from Cl 
at the master), and enable ENS. 


For the eight-bit master register, input control is the translation of clock C2, enable EN2, 
and transfer signal XFR. Input control for the eight~bit slave register consists of clock 
C2 (inverted from C2 at the master), and enable ENS. 


Input to the eight~bit master is shown, by split input, B1(0-3), B2(4-7), as originating on 


two different auxilliary boards. Gated outputs are available from master and slave, and the 
true signals from the slave also are routed back to the master register input. 
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12DC 


REAL | VIRT 
PIN | PIN 
DA 18 
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12DC-0 Control Fanout. 


LOGIC SYMBOL 


‘— 
Wh 


A 
AO 
BIS 
A00 
1S 
00 


DOO-3) qn 
46,.43,38.37 


19,22.5,.6, 
21,24,3.4, 
23.26.1.2, 
25,52.27.51 


OPERATIONAL DESCRIPTION 


The mux portion of the 12DC-O array consists of circuits that decode incoming designation 
bits and route incoming data bits accordingly. Incoming data is four single bits, each from 
identical bit positions of up to four different elements. The four sets of designation 
bits, which are presented to the decoder, specify which line or lines of the 16 output lines 
will receive which bit or bits of the incoming data. Each four-bit designation group 
controls selection of a specific data bit. 


The AND portion of the 12DC-O0 array is a four section AND gate with common gating. The four 
sections have the true signals available as outputs. Two of the sections also have the 
false signals available. 

The outgoing data is up to four single bits, each from the identical bit position of a 
maximum of four different data words, and are transmitted on one to four of a maximum of 16 
output data lines. The output lines are going to 16 different locations. 


The 12DC-0 array can select from one to four bits of data, each to be routed to one of 16 
possible destinations simultaneously. 


The common gate signal is used to enable or disable four clock signals as required. 
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12DD 


REAL | VIRT 
PIN | PIN 
03 
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12DD-O Latch Multiplier. 


LOGIC SYMBOL 


DI(0) CON ARS! DSO) 
AR 24 bac 17 
2 Oe 
DP 30 Dat 4)| 
ER2T Das) 
rh43 bac) 
GI*50_DaCT)| 
IN HB 


. 04 FTC 1) 

05 FI(2 
06 FFCI 
Of FF(2) 


at 
tH 
oO 
wo 
7 


7 
HH 
nN 
oO 

Va 


OPERATIONAL DESCRIPTION 


This array has eight data inputs, DI(0-7), and eight data outputs, DO(0-7). Each of the 
eight outputs is controlled by a three-bit decoder (typically SO(0-2) which controls the 
DO(O) output line) and any single output line can have any of the single inputs gated to 
it. For instance, decoder S0(0-2), with binary 010 inputs would gate input line DI(2) onto 
output DO(O). Data clocked into the array is captured in latches where it resides while 
being gated by the decoders. 


The lower part of the symbol performs an AND function on inputs FI(1) and FI(2) and fans out 
the result to four outputs, two true, and two false. 
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A(0) 
A(1) 
A(2) 
A(3) 


A(4) 
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29 
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12SA-O Adder With Plus 6 Upper and Plus 6 Lower. 


LOGIC SYMBOL 
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OPERATIONAL DESCRIPTION 


The 12SA-0 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an exclusive OR function to an 8-bit register. Gating 
modifiers also select the C input highway and select between its true or complement states. 
The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway to the register. 


G4 active and G5 inactive selects the B input highway to the register. 


G4 and G5 both active results in an exclusive OR of the A and B input highways. 
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12SA-0 (Cont “d) 


When clock on pin CLCK goes LO, clock modifier C clocks the selected data into the register. 
G3 selects the C input highway and Gl and G2 select between true or complement data. 
G3 active and G2 active selects C input highway data to the ALU. 
G3 active and Gl active selects the complement of the C input highway data to the ALU. 
When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to the ALU. 
A 1-bit latch in the common control block controls gating modifiers Gl and G2. When the 
latch is set, Gl is active. When the latch is clear, G2 is active. Clock and inputs 
COMP(0-2) control the latch. The latch will set when clock goes LO and the following 
equation is active: 

COMP(1) OR (COMP(0) AND COMP(2)). 
ALU 
The ALU produces the summation of the A, B, and C operands and also produces the enable and 
generate signals which connect to a carry network external to the 12SA-O array. The ALU 
also has the ability to force the B operand bits weighted 2, 4, 32, and 64 active. This ORs 
a value of 6 with the lower 4 bits of the B operand and a value of 96 with the upper 4 bits 
of the B operand. The ALU produces the PLUS 6 LOWER and PLUS 6 UPPER signals which control 
this operation. 
A Operand Inputs 
The A inputs to the ALU are weighted binarily and designated as operand A. 
B Operand Inputs 
The B inputs to the ALU enter through an OR function where the plus 6 modification takes 
place. When the PLUS 6 LOWER signal is LO, OR modifier Vl is active. V1 forces the bits 
weighted 2 and 4 active. When the PLUS 6 UPPER signal is LO, OR modifier V2 is active. V2 
forces the bits weighted 32 and 64 active. When the OR modifiers are inactive, they have no 
effect on the B operand. The result of the OR function is weighted binarily and designated 
as operand B. 
C Operand Input 
The carry input enters the ALU on pins CARIN(0,1). The carry input has a binary weight of 1 
and is designated as operand C. Note that the carry signal is active HI, i.e., the carry 
input has a value of 1 when it is HI. 


SUM Outputs 


The SUM(0-7) outputs are the summation of the A, B, and C operands. 
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12SA-0 (Cont “d) 


Enable and Generate Outputs 


The value of the summation of A and B and gating modifiers G2 and G3 control the ENABLE and 
GEN outputs. Input pin SIGN controls G2 and G3. The SIGN input is LO when the 
most-significant bits of the A and B operands are sign. Thus when the most~-significant bit 
is sign, G2 is active and the 7 least-significant bits (maximum value of 127) control the 
enable and generate outputs. When the SIGN input is HI, all 8 bits (maximum value of 255) 
control the enable and generate outputs. 


The ENABLE output is HI when G3 is active AND the summation of A and B is equal to 255 or G2 
is active AND the summation of A and B is equal to 127. 


The GEN output is LO when G3 is active AND the summation of A and B is greater then or equal 
to 255 or G2 is active AND the summation of A and B is greater than or equal to 127. 


Plus 6 Upper and Lower Outputs 


Input pin PLUS6 controls gating modifier Gl which gates the outputs of two latches to the 
PLUS 6 UPPER and PLUS 6 LOWER signals. 


A transition to LO of the CLCK input sets the upper latch when the summation of the 
most-significant 4 bits of A, B, and C are greater than 64. 


A transition to LO of the CLCK input sets the lower latch when the summation of the 
least-significant 4 bits of A, B, and C are greater than 4. 


The PLUS 6 UPPER and PLUS 6 LOWER signals modify the next B operand to enter the ALU. 
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OPERATIONAL DESCRIPTION 


The 12SA-1 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The Input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an exclusive OR function to an 8-bit register. Gating 
modifiers also select the C input highway and select between its true or complement states. 
The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway to the register. 


G4 active and G5 inactive selects the B input highway to the register. 


G4 and G5 both active results in an exclusive OR of the A and B input highways. 
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12SA-1 (Contd) 


When clock on pin CLCK goes LO, clock modifier C clocks the selected data into the register. 
G3 selects the C input highway and Gl and G2 select between true or complement data. 
G3 active and G2 active selects C input highway data to the ALU. 
G3 active and Gl active selects the complement of the C input highway data to the ALU. 
When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to the ALU. 
A l-bit latch in the common control block controls gating modifiers Gl and G2. When the 
latch is set, Gl is active. When the latch is clear, G2 is active. Clock and inputs 
COMP(0-2) control the latch. The latch will set when clock goes LO and the following 
equation is active: 

COMP(1) OR [COMP(0) AND COMP(2)]. 
ALU 


The ALU produces the summation of the A, B, and C operands and also produces the enable and 
generate signal which connect to a carry network external to the 12SA-1 array. 


A and B Operand Inputs 


The A and B operands enter the ALU where they are each weighted binarily and designated as 
operands A and B respectively. 


C Operand Input 

The carry input enters the ALU on pins CARIN(O,1). The carry input has a binary weight of 1 
and is designated as operand C. Note that the carry signal is active HI, i.e., the carry 
input has a value of 1 when it is HI. 

SUM Outputs 

The SUM(O-7) outputs are the summation of the A, B, and C operands. 

Zero Check Output 

Output pin NZERO is HI when the summation of A, B, and C is equal to 0. 


Overflow Output 


Output OVFL is LO when the most-significant bit of A is equal to the most-significant bit of 
B and not equal to the most-significant result bit. 


Enable and Generate Outputs 


The value of the summation of A and B and gating modifiers Gl and G2 control the ENABLE and 
GEN outputs. Input pin SIGN controls Gl and G2. The SIGN input is LO when the 
most~significant bits of the A and B operands are sign. Thus when the most-significant bit 
is sign, Gl is active and the 7 least-significant bits (maximum value of 127) control the 
enable and generate outputs. When the SIGN input is HI, all 8 bits (maximum value of 255) 
control the enable and generate outputs. . 
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12SA-1 (Contd) 


The ENABLE output is HI when G2 is active AND the summation of A and B is equal to 255 or Gl 
is active AND the summation of A and B is equal to 127. 


The GEN output is LO when G2 is active AND the summation of A and B is greater then or equal 
to 255 or Gl is active AND the summation of A and B is greater than or equal to 127. 
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12SA-2 Adder. 


LOGIC SYMBOL 
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OPERATIONAL DESCRIPTION 


The 12SA-2 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an exclusive OR function to an 8-bit register. Gating 
modifiers also select the C input highway and select between its true or complement states. 
The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway to the register. 

G4 active and G5 inactive selects the B input highway to the register. 

G4 and G5 both active results in an Exclusive OR of the A and B input highways. 

When clock on pin CLCK goes LO, clock modifier C clocks the selected data into the register. 
G3 selects the C input highway and Gl and G2 select between true or complement data. 


G3 active and G2 active selects C input highway data to the ALU. 


G3 active and Gl active selects the complement of the C input highway data to the ALU. 
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12SA-2 (Cont “d) 


When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to the ALU. 

A l-bit latch in the common control block controls gating modifiers Gl and G2. When the 
latch is set, Gl is active. When the latch is clear, G2 is active. Clock and input COMP(2) 
controls the latch. . 


ALU 


The ALU produces the summation of the A, B, and C operands and also produces the enable and 
generate signals which connect to a carry network external to the 12SA-2 array. 


A and B Operand Inputs 


The A and B operands enter the ALU where they are each weighted binarily and designated as 
operands A and B respectively. 


C Operand Input 

The carry input enters the ALU on pins CARIN(O,1). The carry input has a binary weight of 1 
and is designated as operand C. Note that the carry signal is active HI, i.e., the carry 
input has a value of 1 when it is HI. 

SUM Outputs 

The SUM(0-7) outputs are the summation of the A, B, and C operands. 

Zero Check Output 

Output pin NZERO is HI when the summation of A, B, and C is equal to zero. 

Enable Output 

Output ENABLE is HI when the summation of A and B equals 255. 


Generate Output 


Output GEN is LO when the summation of A and B is greater than or equal to 255. 
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OPERATIONAL DESCRIPTION 


The 12SA-3 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The Input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an Exclusive OR function. Gating modifiers also select the 
C input highway and select between its true or complement states. 

The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway. 

G4 active and G5 inactive selects the B input highway to the register. 

G4 and G5 both active results in an exclusive OR of the A and B input highways. 

G3 selects the C input highway and Gl and G2 select between true or complement data. 


G3 active and G2 active selects C input highway data to the ALU. 


G3 active and Gl active selects the complement of the C input highway data to the ALU. 


60458120 B | 1 of 2 


12SA-3 = (Cont “d) 
When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to 
the ALU. 


The COMP(2) input controls Gl and G2. When COMP(2) is LO, Gl is active. When 
COMP(2) is HI, G2 is active. 


ALU 


The ALU produces the summation of the A, B, and C operands and also produces the 


enable and generate signal which connect to a carry network external to the 12SA-3 


array. 
A and B Operand Inputs 


The A and B operands enter the ALU where they are each weighted binarily and 
designated as operands A and B respectively. 


C Operand Input 
The carry input enters the ALU on pins CARIN(0,1). The carry input has a binary 


weight of 1 and is designated as operand C. Note that the carry signal is active 
HI, i.e., the carry input has a value of 1 when it is HI. 


SUM Outputs 

The SUM(0-7 ) outputs are the summation of the A, B, and C operands. 
Zero Check Output 

Output pin NZERO is HI when the summation of A, B, and C is equal to 0. 
Enable Output 

Output ENABLE is HI when the summation of A and B equals 255. 


Generate Output 


Output GEN is LO when the summation of A and B is greater than or equal to 255. 
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OPERATIONAL DESCRIPTION 


The 12SA-4 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The Input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an Exclusive OR function. Gating modifiers also select the 
C input highway and select between its true or complement states. 

The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway. 

G4 active and G5 inactive selects the B input highway to the register. 

G4 and G5 both active results in an exclusive OR of the A and B input highways. 

When clock on pin CLCK goes LO, clock modifier C clocks the selected data into the register. 
G3 selects the C input highway and Gl and G2 select between true or complement data. 


G3 active and G2 active selects C input highway data to the ALU. 


G3 active and Gl active selects the complement of the C input highway data to the ALU. 
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12SA-4 (Cont “d) 


When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to 
the ALU. 


A one-bit latch in the common control block controls gating modifiers Gl and G2. 
When the latch is set, Gl is active. When the latch is clear, G2 is active. Clock 
and input COMP(2) controls the latch. 


ALU 

The ALU produces the summation of the A, B, and C operands and also produces the 
enable and generate signal which connect to a carry network external to the 12SA-4 
array 


A and B Operand Inputs 


The A and B operands enter the ALU where they are each weighted binarily and 
designated as operands A and B respectively. 


C Operand Input 

The carry input enters the ALU on pins CARIN(0,1). The carry input has a binary 
weight of 1 and is designated as operand C. Note that the carry signal is active 
HI, i.e., the carry input has a value of 1 when it is HI. 

SUM Outputs 

The SUM(O-7) outputs are the summation of the A, B, and C operands. 

Zero Check Output 

Output pin NZERO is HI when the summation of A, B, and C is equal to zero. 


Enable and Generate Outputs 


The value of the summation of A and B and gating modifiers Gl and G2 control the 
ENABLE and GEN outputs. Input pin SIGN controls Gl and G2. The SIGN input is LO 
when the most-significant bits of the A and B operands are sign. Thus when the 
most-significant bit is sign, Gl is active and the seven least-significant bits 
(maximum value of 127) control the enable and generate outputs. When the SIGN 
input is HI, all eight bits (maximum value of 255) control the enable and generate 
outputs. 


The ENABLE output is HI when Gl is active AND the summation of A and B is equal to 
255 or G2 is active AND the summation of A and B is equal to 127. 


The GEN output is LO when Gl is active AND the summation of A and B is greater then 


or equal to 255 or G2 is active AND the summation of A and B is greater than or 
equal to 127. 
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OPERATIONAL DESCRIPTION 


The 12SA-5 consists of two major functional elements: the input network (left side of 
symbol) and the arithmetic and logical unit (ALU). 


Input Network 

The Input network controls the two operands which enter the ALU. Gating modifiers select A 
and/or B input highways through an Exclusive OR function. Gating modifiers also select the 
C input highway and select between its true or complement states. 

The SELA, SELB, and SELC inputs control gating modifiers G5, G4, and G3 respectively. 

G5 active and G4 inactive selects the A input highway to the register. 

G4 active and G5 inactive selects the B input highway to the register. 

G4 and G5 both active results in an Exclusive Or of the A and B input highways. 

G3 selects the C input highway and Gl and G2 select between true or complement data. 

G3 active and G2 active selects C input highway data to the ALU. 


G3 active and Gl active selects the complement of the C input highway data to the ALU. 


When G3 is inactive, G2 active gates HIs(zeros) and Gl active gates LOs(ones) to the ALU. 
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12SA-5 = (Contd) 

The COMP(2) input controls Gl and G2. When COMP(2) is LO, Gl is active. When COMP(2) is 
HI, G2 is active. 

ALU 


The ALU produces the summation of the A, B, and C operands and also produces the enable and 
generate signal which connect to a carry network external to the 12SA-5 array. 


A and B Operand Inputs 


The A and B operands enter the ALU where they are each weighted binarily and designated as 
operands A and B respectively. 


C Operand Input 

The carry input enters the ALU on pins CARIN(0O,1). The carry input has a binary weight of 1 
and is designated as operand C. Note that the carry signal is active HI, i.e., the carry 
input has a value of 1 when it is HI. 

SUM Outputs 

The SUM(O-7) outputs are the summation of the A, B, and C operands. 

Zero Check Output 

Output pin NZERO is HI when the summation of A, B, and C is equal to 0. 

Enable and Generate Outputs 

The value of the summation of A and B and gating modifiers Gl and G2 control the ENABLE and 
GEN outputs. Input pin SIGN controls Gl and G2. The SIGN input is LO when the 
most~significant bits of the A and B operands are sign. Thus, when the most~significant bit 
is sign, Gl is active and the 7 least-significant bits (maximum value of 127) control the 
enable and generate outputs. When the SIGN input is HI, all 8 bits (maximum value of 255) 


control the enable and generate outputs. 


The ENABLE output is HI when Gl is active AND the summation of A and B is equal to 255 or G2 
is active AND the summation of A and B is equal to 127. 


The GEN output is LO when Gl is active AND the summation of A and B is greater then or equal 
to 255 or G2 is active AND the summation of A and B is greater than or equal to 127. 
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31 


26 
25 
21 
30 


l of 1 


12SB-O Partial Adder, 3-to-2. 
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12SB-O (Cont'd) 


OPERATIONAL DESCRIPTION 


NOTE 
Element input names used in this description apply to CYBERPLUS. They are not 


true virtual identifiers. The names in this description do match the logic symbol 
showne 


This circuit is a 3-to~-2 partial adder consisting of three columns of logic. An array 
contains one circuit. 


The left column contains a single element represented as an OR gate. This element inverts 
the three inputs +M(0-2) so they will be the same state as inputs M(3-7). 


The middle column forms three, three-bit groups (Al1-A3, B1-B3, C1-C3) from the inputs M(0-7) 
as determined by the G terms formed from combinations of the common control block inputs. 


The active G terms are determined as follows: 


Active 
Outputs G Term Control Block Inputs 
Gl SIGN = P(4) 
Al, A2, A3 G2 SIGN # P(4) 
G3 SIGN = P(2) 
Bl, B2, B3 G4 SIGN # P(2) 
G5 SIGN = P(0) 
cl, C2, C3 G6 SIGN # P(0) 
G1ll P(6) # P(5) 
G12 P(6) = P(5) AND P(5) = P(4) 
G21 P(4) # P(3) 
G22 P(4) = P(3) AND P(3) = P(2) 
G3l P(2) = P(1) 
G32 P(2) = P(1) AND P(0O) 
G7 9*-2". (pin 47) 
G8 29-20, (pin 37) 


Example: Outputs Al-A3 will be the same as inputs +M(0-2) when Gl and Gll are active. 
These outputs will be inverted when G2 and Gll are active. 


The right column has three elements, each containing a logic threshold and an odd circuit. 


If two or three inputs are LO, the logic threshold circuit is active and its output, +MPC, 
is HI. If one or three inputs are LO, the odd circuit is active and its output MPS is LO. 
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12SB-1 (Cont'd) 


OPERATIONAL DESCRIPTION 
This circuit is a 4-to-2 partial adder. An array contains three circuits. 


The odd element has four inputs. If an odd number of inputs are active, the element is 
active and its two outputs are LO. 


The logic threshold element has four inputs. If two or more inputs are active, the elements 
is active and its output is LO. 


The exclusive OR element has two inputs, one from the odd element and one from the logic 
threshold element. If these inputs are unlike the element is active and its output is LO. 
The most significant bit (PS3) has a two-way fanout. 


The AND/OR element's upper AND gate is active if the C and D inputs are LO and the A and B 
inputs are HI. The lower AND gate is active if both the odd element and the logic threshold 
element are active. If either AND gate is active, the OR gate is active and its output is 
HI. The most significant bit (PC3) has a two-way fanout. 


2K+1 
AND/OR 2 +APC APS 
Term Pin ‘Term Pin Term Pin Term Pin 
+A3 20 +A2 22 
+B3 41 +B2 19 PC3 27,28 PS3 25,26 
C3 23 C2 17 
De 16 D2 18 
+A2 22 +Al 32 
+B2 19 +B1 36 PC2 24 PS2 21 
C2 17 Cl 35 
D2 18 D1 33 
+Al 32 +A0 29 
+B 1 36 +B0 34 PCL 31 PS1 30 
Cl 35 co 38 
D1 33 DO 42 
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60458120 B 


12SC 


PIN REAL | VIRT 
NAME PIN PIN 


CARRY 16 

IN (0) 20 V01 
IN(1) 32 V02 
IN(2) 35 V03 


IN(3) 38 v04a 
IN(4) 43 V05 
IN(5) 46 V06 
IN(6) 45 v0o7 


IN(7) 44 vos 
IN(8) 42 vo9 
iN(9) 41 V10 
IN(10) 37 V11 


IN(11) 36 V12 
IN(12) 31 V13 
IN(13) 29 V14 
1N(14) 27 V15 


1N(15) 01 V16 
1N(16) 49 V17 
1N(17) 25 V18 
IN(18) 19 V19 


SH(0) 


OUT (0) 
OUT (1) 05 V34 
OUT(2) 04 V35 
OUT(3) 02 V36 


OUT (4) 03 V37 
OUT(5) 47 V38 
OUT (6) 51 V39 
OUT(7) 26 Vv40 


OUT(8) 24 Vv41 
OUT(9) 28 V42 
OUT(10) 30 V43 
OUT(11) 50 
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12SC-O Right Shift with Selectable Sign Extension. 


LOGIC SYMBOL 


IN(O- 18) 
(9) 


QUT(O-1 1) 
(2) 


< 
nN 
2 
< 
Nn 
N 
< 
nS 
@ 
< 
nd 
£9 
< 
ns 
> 
< 
ar 
< 
a 
2 
< 
NS 
N 
< 
Ol 
N 


BIAS LO = 
BIAS HI = 


. 


OPERATIONAL DESCRIPTION 


Shift Functions 

The shift network function performs a right (down) shift of 0 to 7-bit positions controlled 
by SH (0-2). A shift of 0 causes input bits 7 through 18 to go to output highway pins OUT 
(0-11). A right shift of 1 causes input bit 6 to shift to OUT (0), input bits 7 through 17 
to shift to OUT (1-11), and input bit 18 is shifted end-off. A right shift of 7 shifts 
input bits 0 through 6 to OUT (0-6), input bits 7 through 11 to OUT (7-11), and input bits 
12 through 18 are shifted end-off. 


Mux Functions 
The mux function selects which input pins go to bits 0 through 8 of the shift function. The 


sign bit enters the mux function on input pins V23 and V25. 


Pin V47 selects between input pins IN (0-6) or sign. Pin V21 selects IN (7-8) or sign. 
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12SC-1 Carry Network. 
LOGIC SYMBOL 


BIAS L® 
BIAS HI 


CARRY 
V23, SH(2), IN(2) 


OPERATIONAL DESCRIPTION 


Inputs and Outputs 
+ Enables enter pins V20, V21, V22, IN(O), V24, IN(18), and SH(1). Since the enables are 


preceded by a high level indicator (+ enables), they are high when there is an enable. Note 
on the enable inputs to the symbol, however, that the active state indicator’s indicate that 
LO”s are required to activate the OR functions they enter. Thus, an OR function is active 
when the enable entering it is LO (i.e. ENABLE). 


~- Propagates enter pins V27, V28, V29, V30, V31, V32, V47, and SH(0O). 
+ Carries leave pins OUT (6-11) and OUT(5). The high level indicator indicates that the 
output is HI when there is a carry. 


Carry Network 


The carry network is composed of a series of OR and AND functions interconnected to 
propagate a carry upward through the network. 


The following equations are listed in descending order of significance. Note how the 
least-significant carry [OUT(5)] is used in the OR function for the next move significant 
carry OUT(11)]. Thus the carry can propagate upward. 


OUT(6) is HI when V27 is LO and [V20 is LO OR OUT (7) is HI]. 
OUT(7) is HI when V28 is LO and [V21 is LO OR OUT (8) is HI]. 
OUT(8) is HI when V29 is LO and [V22 is LO OR OUT (9) is HI]. 
OUT(9) is HI when V30 is LO and [IN(O) is LO OR OUT (10) is HI]. 
OUT(10) is HI when V3l1 is LO and [V24 is LO OR OUT (11) is HI]. 
OUT(11) is HI when V32 is LO and [IN(18) is LO OR OUT (5) is HI]. 
OUT(5) is HI when V47 is LO and [SH(1) OR SH(0O) are LO]. 


Group Enable 
Output pin OUT(4) is active (LO) when all seven enables are HI and IN(1) is LO. 
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12SC-2 Carry Network. 


LOGIC SYMBOL 


) 


30 BUT(IO) 
50 @UT( 1) 


47 @UT6 


BIAS L@ = CARRY 
BIAS HI = V23, SH(2) 


OPERATIONAL DESCRIPTION 


Inputs and Outputs 


+ Enables enter pins V20, V21, V22, IN(O), V24, IN(18), and SH(1). Since the enables are 
preceded by a high level indicator (+ enables), they are high when there is an enable. Note 
on the enable inputs to the symbol, however, that the active state indicators indicate that 
LO“s are required to activate the OR functions they enter. Thus, an OR function is active 
when the enable entering it is LO (i.e. ENABLE). 


- Propagates enter pins V27, V28, V29, V30, V3l, V32, V47, and SH(0). 
+ Carries leave pins out (6-11) and OUT(5). The high level indicator indicates that the 
output is HI when there is a carry. 


Carry Network 


The carry network is composed of a series of OR and AND functions interconnected to 
propagate a carry upward through the network. 
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12SC-2 (Cont “d) 


The following equations are listed in descending order of significance. Note how the 


least-significant carry [OUT(5)] is used in the OR function for the next more significant 


carry OUT(11)]. Thus the carry can propagate upward. 


OUT(6) is HI when V27 is LO and [V20 is LO OR OUT (7) is HI]. 
OUT(7) is HI when V28 is LO and [V2l1 is LO OR OUT (8) is HI]. 
OUT(8) is HI when V29 is LO and [V22 is LO OR OUT (9) is HI]. 
OUT(9) is HI when V30 is LO and [IN(O) is LO OR OUT (10) is HI]. 
OUT(10) is HI when V31l is LO and [V24 is LO OR OUT (11) is HI]. 
OUT(11) is HI when V32 is LO and [IN(18) is LO OR OUT (5) is HI]. 
OUT(5) is HI when V47 is LO and [SH(1) OR SH(0O) are LO]. 


Miscellaneous Functions 


Output pins OUT (0-3) are all copies of an exclusive OR between IN(2) and OUT(6). 


Output pin OUT(4) is active (LO) when all seven enables are HI and IN(1) is LO. 
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12SC-3 Dual Eight-Input Multiplexer. 


LOGIC SYMBOL 


INI) 36 n¢5 

INT2) SIN 

INT3) 295 

INI4) 27h 

INOS) anh 50 @UT(I 1) 


IN 


SH(2) 345 


‘ BIAS L@ = V20, V27, V28, V47, V29, V24, V31, V30O, V22, V2I, V32 
. BIAS HI = CARRY, V23, V25 


OPERATIONAL DESCRIPTION 


Pins SH(0-2) select one of eight inputs to output OUT(11) and one of eight inputs to output 
OUT(3). 
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128C-4 Right Shift Network. 


LOGIC SYMBOL 


@UT(O-1 1) 
p19) 


BIAS L® = V20, V27, V28, V47, V29, v24, V3I, V30, V22, V21, V32 
BIAS HI = CARRY, V23, V25 | 


OPERATIONAL DESCRIPTION 


The 12SC-4 performs a right (down) shift of 0 to 7-bit positions controlled by pins 

SH(0-2). A shift of O causes data from input pins IN(7-18) to go to output highway pins 
OUT(O-11). A right shift of 1 causes data from input pin IN(6) to shift to OUT(0), IN(7-17) 
to shift to OUT(1-11), and IN(18) is shifted end-off. A right shift of 7 shifts IN(0-6) to 
OUT(0-6), IN(7-11) to OUT(7-11), and IN(12-18) to shift end-off. 
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12SC-5 Carry Network. 


LOGIC SYMBOL 


BIAS L@ = CARRY 
BIAS HI = V23, SH(2), IN(2) 


OPERATIONAL DESCRIPTION 


Inputs and Outputs 
+ Enables enter pins V20, V21, V22, IN(O), V24, IN(18), and SH(1). Since the enables are 


preceded by a high level indicator (+ enables), they are high when there is an enable. Note 
on the enable inputs to the symbol, however, that the active state indicators indicate that 
LO“s are required to activate the OR functions they enter. Thus, an OR function is active 
when the enable entering it is LO (i.e. ENABLE). 


- Propagates enter pins V27, V28, V29, V30, V31l, V32, V47, and SH(0). 
+ Carries leave pins OUT (6-11) and OUT(5). The high level indicator indicates that the 
output is HI when there is a carry. 


Carry Network 


The carry network is composed of a series of OR and AND function interconnected to propagate 
a carry upward through the network. 


The following equations are listed in descending order of significance. Note how the 
least-significant carry [OUT(5)] is used in the OR function for the next more significant 
carry [OUT(11)]. Thus the carry can propagate upward. 


OUT(6) is HI when V27 is LO and [V20 is LO OR OUT (7) is HI]. 
OUT(7) is HI when V28 is LO and [V21 is LO OR OUT (8) is HI]. 
OUT(8) is HI when V29 is LO and [V22 is LO OR OUT (9) is HI]. 
OUT(9) is HI when V30 is LO and [IN(O) is LO OR OUT (10) is HI]. 
OUT(10) is HI when V31 is LO and [V24 is LO OR OUT (11) is HI]. 
OUT(11) is HI when V32 is LO and [IN(18) is LO OR OUT (5) is HI]. 
OUT(5) is HI when V47 is LO and [SH(1) OR SH(O) are LO]. 
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12SC-6 Left Shift Network. 


LOGIC SYMBOL 


@UT(II-O) 
P—(2) 


BIAS L@ = V20, V27, V28, V47, V29, V24, V3I, V30, V22, V2!, V32 
BIAS HI = CARRY, V23, V25 


OPERATIONAL DESCRIPTION 


The 12SC-6 performs a left (up) shift of 0 to 7-bit positions controlled by SH(0-2). A 
shift of 0 causes data from input pins IN(18-7) to go to output highway pins OUT(11-0). The 
most-significant bit enters the shift network on pin IN(18). A left shift of 1 causes data 
from input pin IN(6) to shift to OUT(0O), IN(17-7) to shift to OUT(11-1), and IN(18) to shift 
end-off. A left shift of 7 shifts IN(6-0) to OUT(6-0), IN(11-7) to OUT(11-7), and IN(18-12) 
to shift end-off. 
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12SD-O Two-Input Multiplexer. 


LOGIC SYMBOL 


NOTE: G2 GATES IN A AND/@R C TRUNKS, GI GATES IN B AND/@R D 
TRUNKS, AND G3 GATES @UT Y AND/@R Z TRUNKS. THE DESIGNER 
MUST INDICATE THE TRUNK AND BITS HE IS USING. 


BIAS L@ = CLCK, F(O) R 
BIAS: Als FOb=3) 


OPERATIONAL DESCRIPTION 


Pin S selects one of two input highways. Pin F(4) gates the selected data to the output 
highway. 
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12SD-1 Two-Input Multiplexer to a Register. 


LOGIC SYMBOL 


NOTE: G2 GATES IN A AND/OR C TRUNKS, GI GATES IN B AND/@R D TRUNKS, 
Y AND/®OR Z ARE OUTPUT TRUNKS. THE DESIGNER MUST INDICATE 
THE TRUNK AND BITS HE IS USING. 


BIAS L@ = F(i) R 
BIAS HI = F(3), F(2) 


OPERATIONAL DESCRIPTION 


Pin S selects one of two input highways. Pins F(0), F(4), and CLCK control the register. A 


translation of 7 clocks the register, 5 clears the register, and translations of 0-4 and 6 
have no effect. 
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12SD-2 Four-Input Multiplexer. 


LOGIC SYMBOL 


BIAS L@ = CLCK, F(O) 
BIAS HI = F(), FU) 


OPERATIONAL DESCRIPTION 


The control pins select one of four input highways to output highway Y and one of two input 
highways (C or D) to output highway Z. 


When G modifiers are grouped together as they are next to input highway A, an AND 
relationship exists between them. Therefore in order to gate input highway A to the Y 
output highway, gating modifiers G2, G4, and G5 must all be active. In order to gate input 
highway C to the Y output highway, G2 and G5 must both be active as well as G3 and G6. 
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12SD-3 Four-Input Multiplexers to a Register. 


LOGIC SYMBOL 


7+C {ACTIVE. 


Fl4) e7nlo 
CLCK O3N 


BIAS L@ =F), F() 
BIAS HI = FQ) 


OPERATIONAL DESCRIPTION 


Pins R and S select one of four input highways to the input of a register, and one of two 
input highways (C or D) to output highway Z. Pins F(0), F(4), and CLCK control the 
register. A translation of 7 clocks the register, 5 clears the register, and translations 
of 0-4 and 6 have no effect. 


When G modifiers are grouped together as they are next to input highway A, an AND 
relationship exists between them. Therefore in order to gate input highway A into the OR 


function, gating modifiers G2 and G4 must both be active. 


G3 gates the selection of C or D into the upper portion of the mux. 
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12SD-4 Priority Coder Network. 


LOGIC SYMBOL 


P25 MU) 
28 Me) 


Note: /\ THE FOLLOWING TABLE SHOWS THE PIN NAMES AND 
REAL PIN NUMBERS F@R EACH INPUT BIT TQ 
THE 12CD-4, NOTE THAT BITS N+7, N+8, Nell, Nel3, 
N+14, AND N+ 15 REQUIRE TW@ INPUTS EACH, 


REAL _PIN N@.] 33 | 34 | 35 | 37] 42] 46/1 45] 19] 20] 17 || 
PIN NAME | B(2)| ACI) BU[ A@) BO) DG)| DG) D)| Dy DW) DO) R_| 
REAL PIN NOL IOT 9 [8 [7 [44] 32] 36) 38) 41] 43) 438) 5 


BIAS L@ 
BIAS HI 


AG), CLCK, F(,3,4), S 
BG), F(1-2) 


OPERATIONAL DESCRIPTION 


The 12SD-4 receives 17 bits of data (N to N+16) and determines the highest-order bit which 
is different than bit N. It then produces a 4-bit code which contains the weight of that 
bit. Sign usually enters bit position N. 


If bit N (pin C(5)) is LO, data bits N+1 to N+16 are gated into the priority coder function 
(X MAX->Y) active HI. This causes the priority coder function to produce a code for the 
highest order bit which is HI. 


If bit N (pin C(5)) is HI, data bits N+l to N+16 are gated into the priority coder function 
(X MAX->Y) active LO. This causes the priority coder function to produce a code for the 
highest order bit which is LO. 


Bit N (pin C(5)) and data bits N+l to N+16 also enter a logical identity function (=). LE 
all the bits are alike, the data flag output (pin DFLAG) will be LO. 
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12SD-5 Six-Bit Compare Network. 


LOGIC SYMBOL 


prt | REAL PIN |COMPARES} REAL PIN 
PIN NAME TS PIN {| NAME 
N 20 Le 


BIAS L@® = CLCK, F(O,3,4) S, AG) 
BIAS HI = A), BG), C(O-5) FUl-2), BG) 


me 


OPERATIONAL DESCRIPTION 


Output pin DFLAG will be LO when A equals B. 
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12SD-6 OR/AND Combination. 


LOGIC SYMBOL 


BIAS L@® = F(3), CLCK, F(2) F(4) 
BIAS HI = F(I) FO) R 


OPERATIONAL DESCRIPTION 


For the following equations assume that pin S is HI. 


Output highway Y = (A + B) e (A+ B+C+D) 


Output highway Z = C + D 


Pin S gates in input highway D. 
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12SD-7 Combinational OR/AND Logic on the Input to a Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


For the following equations assume that pin S is HI and a clock pulse occurred on pin CLCK. 
Register contents = (A +B) e (A+B+C+#+D) 
Output highway Z = C+D 


Pin S gates in input highway D. 
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12SD-8 OR/AND Combinational Logic. 


LOGIC SYMBOL 


BIAS LO = F(3), CLCK, F(2), FO) 
BIAS HI = 


OPERATIONAL DESCRIPTION 
Assume pin S is HI for the following equations: 


Output highway Y = (A + B + F(4)) e (C + D) 
Output highway Z C+D 


Pin S gates in input highway D. 
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12SD-10 Exclusive OR. 


LOGIC SYMBOL 


= F(@-4), CLCK, R 
BIAS HI = FO!) aw... 


BIAS L@ 


OPERATIONAL DESCRIPTION 


The 12SD-10 performs an exclusive OR operation on input highways A and B. 
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12SD~-11 OR Gate. 


LOGIC SYMBOL 


BIAS L@ 
BIAS HI 


F(2-4), CLCK, R 
F(O,1) 


OPERATIONAL DESCRIPTION 


Pin S gates highway D into the OR function. 


60458120 B 1 of 1 


12SD-12 Combinational Exclusive OR/AND/OR Logic. 


LOGIC SYMBOL 


CLCK, F(O), F(2-4), R 
F(1) 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 
Assume pin S is HI for the following equations: 


A@Be (C + D) 
C+D 


Output highway Y 
Output highway Z 


Pin S gates in input highway D. 
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12SD-13. Registers. 


LOGIC SYMBOL 


CLEK OS" 
RGTR 


NOTE: /\ Y IS UNDEFINED IF A AND B ARE L@ SIMULTANEQUSLY. 


BIAS L@ 
BIAS HI 


F(O,1), F,4), R 
F(2) 


OPERATIONAL DESCRIPTION 

The 12SD-13 contains two registers clocked by input pin CLCK. The upper register has an 
exclusive OR function as its input (A@B). However, due to a design peculiarity of the 
12SD array the contents of the upper register are undefined if both inputs to the exclusive 
OR are LO when the register is clocked. 


The lower register has an OR function as its input (C + D). Pin S gates input highway D 
into the OR function. 


Output highway Y is the AND of the contents of the two registers. 


Output highway Z is the output from the lower register. 
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12SD-14 Registers. 


LOGIC SYMBOL 


CLCK O35 
FG) O02) 


Note: /\ Y IS UNDEFINED IF A AND B ARE L@ SIMULTANEQUSLY. 


BIAS L@ = F(1). F(4), R 
BIAS HI = F(2), F(O) 


OPERATIONAL DESCRIPTION 


The 12SD-14 contains two registers clocked by input CLCK. The upper register has an 
exclusive OR function as its input (A@B). However, due to a design peculiarity of the 
12SD array the contents of the upper register are undefined if both inputs to the exclusive 
OR are LO when the register is clocked. 


The lower register has an OR function as its input (C + D). Pin S gates input highway D 
into the OR function. 
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12SD-16 Fanout. 


LOGIC SYMBOL 


LCK, F(O) FG,4) 5, R 
(O=5).-CUL,3,5),; Fl,2) 


PO 


OPERATIONAL DESCRIPTION 


The 12SD-16 contains two fanouts. The upper fanout provides two copies of 3 bits and the 
lower fanout provides one copy of 5 bits. 
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12SD-18 Two-Input Register and Priority Coder. 


LOGIC SYMBOL 


C6- en “ae 


Z6-0),76,4) 


. 

P28 Me) 
4 vereie: 
F(O) B6 a) see 


7 ne ars 
CLCK 0S on ia) 27 wp t 
clck OS NS 


INPUT INPUT PINS OUTPUT 
CODE 


a PIN|REAL| PIN| PINS 
an NAME| PIN ae 25, 26). 25 
N 


BIAS LO = F(I) R 
BIAS HI = A(0-3} B(O-3) F(2-3) 


OPERATIONAL DESCRIPTION 


Register 
Pin S selects one of two input highways. 


Pins F(0), F(4), and CLCK control the register. A translation of 7 clocks the register, 5 
clears the register, and translations of 0-4 and 6 have no effect. 


Priority Coder 
The X MAX->Y function is a priority coder. It receives 8 input-bits weighted 0-7 and 


produces a 3-bit code which contains the weight of the highest order active bit. 


The DFLAG output pin will be LO if all eight inputs are equal. 
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12SD-20 Combinational OR/AND Logic. 


LOGIC SYMBOL 


. BIAS L@ 
BIAS HI 


F(2-3) CLCK 
FO=|). Se R 


OPERATIONAL DESCRIPTION 
Output highway Y = (A + B + F(4)) e (A+ (B @ F(4)) + C + D) 


Note that F(4) when HI forces the upper input of the AND function active and when LO gates 
input highway B into the middle OR function. 


Output highway Z=CtD. 
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12SD-21 Fanout. 


LOGIC SYMBOL 


188) 
By 
1 
WY 
[— 
Hs 
ii " 
a8) 
ae 
ic 
tS 
LY 
(2) 
—~ 
i?) 
w~ 


OPERATIONAL DESCRIPTION 


Each input pin drives one output pin. 
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12SD-22 Four-Input Multiplexer to a Register. 


LOGIC SYMBOL 


UNDEFINED 
WHEN G4 
ACTIVE. 


FO) 26 ENABLE, x= 
F(4)_ 27 =CLEARN |, 
CLCK O03 


> | 


NOTE: 


/NZ @UTPUTS 
UNDEFINED 
WHEN G4 

ACTIVE 


FO) 26 ENABLE, 
(4) 27 +CLEAR, 


N@TE: ZER@ CHECK REQUIRES 6 INPUTS: THEREF@RE UNUSED INPUTS MUST BE BIASED T@ ZERQ. 


BLAS L@ = F(2). Fl) 
BIAS HI = F(3) 


OPERATIONAL DESCRIPTION 


Pins R and S select one of four input highways to the input of a register, and one of two 
input highways (C or D) to output highway Z. Pins F(0), F(4), and CLCK control the 
register. A translation of 7 clocks the register, 5 clears the register, and translations 
of 0-4 and 6 have no effect. 


When G modifiers are grouped together as they are next to input highway A, an AND 


relationship exists between them. Therefore in order to gate input highway A into the OR 
function, gating modifiers G2 and G4 must both be active. 
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12SD-—22 (Cont “d) 


G3 gates the selection of C or D into the upper portion of the mux. 


Output pin DFLAG will be LO when the register data is all HI. 
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12SD-23 A@B, C+D. 


LOGIC SYMBOL 


BIAS L@ = CLCK, F(2-4), R 
BIAS HI = F(O-1) 


OPERATIONAL DESCRIPTION 


The 12SD-23 contains two separate symbols; an exclusive OR of highways A and B and an OR of 
highways C and D. 


Pin S gates input highway D into the OR function. 
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12SD-24 Logical Unit. 


LOGIC SYMBOL 


(A+BYC 
Cc 


uw u Ty u 
PP oO VUGp 
+ @ e 
OW 


BIAS L® = CLCK 
BIAS HI = F(1I) 


OPERATIONAL DESCRIPTION 


The 12SD-24 performs logical operations on four input highways designated A, B, C, and D. 
The equations to the right of the coder function in the common control block describe the 
logical operations and identify the control code necessary for each. For example, a control 
code of 59 will cause a logical AND of the A and C input highways. Control codes of 48 
through 51 cause the output to equal zero (All HI). Control codes of 30 and 31 cause an 
exclusive OR of input highways A and B. A control code of 52 causes the output to equal the 
contents of input highway D. 
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12SD-25 Four-Input Multiplexer to a Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 

A 5-bit control code selects one or more input highways to a register. A select code of 23 
selects input highway A. A select code of 9 selects both the A and the C highways. The two 
selected highways are ORed together in the OR function. 


Select codes of 0-8, 10-19, and 24-31 make no selections and therefore select all zeros to 
the register. 


Pin CLCK is the register clock. 


60458120 B . l1 of 1 


12SD-26 Two-Input Multiplexer to a Register. 


LOGIC SYMBOL 


NOTE: G2 GATES IN A ANDAR C TRUNKS, GI GATES IN B ANDAR D TRUNKS, AND 


Y ANDR Z TRUNK ARE @UTPUTS. THE DESIGNER MUST 
N 
TRUNK AND BITS HE IS USING. ST INDICATE THE 


BIAS L@ = F(1) R 
BIAS HI = F(2) F(3) 


OPERATIONAL DESCRIPTION 
Pin S selects one of two input highways. Pins F(0), F(4), and CLCK control the register. A 
translation of 7 clocks the register, 5 clears the register, and translations of 0-4 and 6 


have no effect. 


The DFLAG output pin will be LO when the contents of the register are all HI. 
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12SD~27 Combinational Exclusive OR/AND/OR Logic. 


LOGIC SYMBOL 


BIAS L®@ = F@-4) CLCkK, R 
BIAS HI = F()) 


OPERATIONAL DESCRIPTION 


Assume pin S is HI for the following equations. 


A@Be (C+ D+ F(O)) 


Output highway Y 


Output highway Z c+ D 


Pin S gates in input highway D. 
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12SD-28 Two Registers, Each With a Two-Input Multiplexer on its Input. 


LOGIC SYMBOL 


NOTE: ZER@ CHECK REQUIRES SIX INPUTS; THEREFORE, UNUSED 
INPUTS MUST BE BIASED T® ZERQ. 


BIAS L@ = Fil) R 
BIAS HI = F(2,3) 


OPERATIONAL DESCRIPTION 
Pin S selects one of two input highways to each register. Pins F(0), F(4), and CLCK control 
the registers. A translation of 7 clocks the register, 5 clears the register, and 


translations of 0-4 and 6 have no effect. 


Output pin DFLAG will be LO when the contents of all registers are HI. 
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12SD-29 Exclusive OR/AND. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Y=AQ@B 


DFLAG will be LO when the result of the exclusive OR is all HI. 
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12SD~30 Exclusive OR/OR Logic. 


LOGIC SYMBOL 


CLCK FESR 


BIAS L@ = 
BIAS HI = F(,!) 


OPERATIONAL DESCRIPTION 


Output highway Y A@B 
Output highway Z = C + D 


Pin F(4) gates input highway B into the exclusive OR function. 
Pin S gates input highway D into the OR function. 
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12SD-31 Registers. 


LOGIC SYMBOL 


NoTE: /\ Y IS UNDEFINED IF A AND B ARE L@ SIMULTANEQUSLY. 
12SD! N 


BIAS L@ = F(I), R 
BIAS HI = F(,2) 


OPERATIONAL DESCRIPTION 

The 12SD-31 contains two registers controlled by CLCK and F(3). 

The upper register has an exclusive OR as its input (A@B). Due to a design peculiarity of 
the 12SD array, the contents of the upper register are undefined if both inputs to the 
exclusive OR are LO when the register is clocked. 

The lower register has an OR function as its input (C + D). 


Pin S gates input highway D into the OR function. 


Pin F(4) gates input highway B into the exclusive OR function. 
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12SD-32 Registers. 


LOGIC SYMBOL 


F(3) O2N , XY 
F(4) 27, > 
CLOK OS 


NeTe: /\ Y IS UNDEFINED IF A AND B ARE L@ SIMULTANE@USLY. 


BIAS L@ = F(Q), F(l). R 
BIAS HI = F(2) 


OPERATIONAL DESCRIPTION 

The 12SD-32 contains two registers controlled by pin F(3), F(4), and CLCK. 

The upper register has an exclusive OR function as its input (A@B). Due to a design 
peculiarity of the 12SD array, the contents of the upper register are undefined if both 


inputs to the exclusive OR are LO when the register is clocked. 


The lower register has an OR function as its input (C + D). Pin S gates input highway D 
into the OR function. 


Output highway Y is the logical AND of the contents of the two registers. 


Output highway Z is the output from the lower register. 
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12SG-0 Four-Rank Shift Register. 


LOGIC SYMBOL 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


The shift register (SR-4) has two highwayed inputs, one from the four-highway input mux and 
one which is the AND of the same four input highways. 


Pins S(4), S(5), and CLCK control the upper (first) rank of the shift register. A 
translation of 5 selects and clocks the AND data, 6 selects and clocks the mux data, and 7 
clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO, a right (down) shift of 1 takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
as a shift, the new data is loaded and the previous contents are shifted. 


The shift register has two highwayed outputs. The upper highway is always the output of the 
first rank. The lower output highway is controlled by pins S(7-10) and is the mux of any or 
all of the four ranks of the shift register. If more than one select signal is active (LO) 
at the same time, the contents of the selected ranks are ORed to the output highway. 


Output highways V and W are the result of an OR of the input mux and the AND of the four 
input highways. 
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12SG-1 Four-Rank Shift Register. 


LOGIC SYMBOL 


36) Cl 
S(6) ee 
CLCK O03 
S(O) ne 


OPERATIONAL DESCRIPTION 


The shift register (SR-4) has two highwayed inputs, one from the four-highway input mux and 
one which is the AND of the same four input highways. 


Pins S(4), S(5), and CLCK control the upper (first) rank of the shift register. A 
translation of 5 selects and clocks the AND data, 6 selects and clocks the mux data, and 7 
clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO, a right (down) shift of 1 takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
‘as a shift, the new data is loaded and the previous contents are shifted. 


The shift register has two highwayed outputs. The upper highway is always the output of the 
first rank. The lower output highway is controlled by pins S(7-10) and is the mux of any or 
all of the four ranks of the shift register. If more than one select signal is active (LO) 
at the same time, the contents of the selected ranks are ORed to the output highway. 


Output highways V and W are the result of an OR of the input mux and the AND of the four 
input highways. 
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12SG-3 AND Gate to a Register. 


LOGIC SYMBOL 


24 x6 


(3) 


LCDef 33 YG) 


w 
KH 
Qb 
(op) 
i 
-~® 
oot 
cam] 


BIAS H 


WY 


(0-3), 36), 3-10) 


OPERATIONAL DESCRIPTION 


The V and W outputs are direct from the AND gates. The X and Y outputs are from the 
register. Pin S(7) gates the contents of the register to the Y outputs. 


A control translation of 5 clocks the result of the AND gates into the register. 
Translations of 6 and 7 clear the register. 
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12SG-4 AND Gate to a Register. 


LOGIC SYMBOL 


F 


BIAS L@ 


w 
KH 
> 
Y) 
a 
tH 
th th 
ee 
iT 
= 
M 
2 
— 
oO 
1 
o 


OPFRATTONAL DESCRIPTION 


Output highways V and W are direct from the AND of the four input highways. The X and Y 
output highways are from the register. Pin S(7) gates the contents of the register to 
output highway Y. 


A control translation of 5 clocks the result of the AND into the register. Translations of 
6 and 7 clear the register. 
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12SG-5 Four-Input Multiplexer OR/AND to a Register. 


LOGIC SYMBOL 


BIAS L@ =F 
BIAS HI = S(6) S(8-10) 


OPERATIONAL DESCRIPTION 


The register has two highwayed inputs, one from the four~highway input mux and one from the 
AND of the same four input highways. 


Pins S(4), S(5), and CLCK control the register. A translation of 5 selects and clocks the 
AND data, 6 selects and clocks the mux data, and 7 clears the register. 


Pin S(7) gates the contents of the register to output highway. 
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12SG-6 Multiplexer OR/AND to a Register. 


LOGIC SYMBOL 


w 


q : 
C 04 = Y(I) 


oO 
bed 
> 
Ep) 
ft 
Ho 
NW i 
nan 


BIAS H (6), S(-10) 
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12SG-6 (Cont “d) 


OPERATIONAL DESCRIPTION 


Output pins V and W are the result of OR functions. Output pins X and Y are the contents of 
the register. Pin S(7) gates the contents of the register to the Y outputs. 


Each bit of the register has two inputs, one from the 4-input mux and one from the AND of 
the same 4 inputs. 


Pins S(4), S(5), and CLCK control the register. A control translation of 5 selects and 


clocks the results of the AND gates into the register, 6 selects and clocks the mux result 
to the register, and 7 clears the register. 
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12SG-7 Multiplexer to an OR Function. 


LOGIC SYMBOL 


1 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


Each control pin, S(0-3), gates two inputs to the upper OR function and two inputs to the 
lower OR function. Selected inputs are ORed together in each OR function. 


Output pins Z(0-1) are both the result of the upper OR function. Pins Z(2-3) are both the 
result of the lower OR function. 
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12SG-8 Multiplexer/AND/OR Combinational Logic. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The outputs come from OR functions. Each of these OR functions has two inputs, a four-input 
mux and an AND of the same four inputs. 
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12SG-9 Multiplexer/AND/OR Combinational Logic. . 


LOGIC SYMBOL 


BIAS L@--= 
BIAS HI = 


OPERATIONAL DESCRIPTION 


The OR function has two highwayed inputs. One input from the four-highway mux, the other 
from an AND of the same four input highways. 


Outputs V, X, and Y are three copies of the active LO highwayed result. Output W is an 
active HI highwayed result. 
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12SG-10 OR Function. 


LOGIC SYMBOL 


BIAS L@® = 
BIAS HI =F 


OPERATIONAL DESCRIPTION 


Outputs V, X, and Y are three copies of the active LO highwayed result (A +B+CtD). 


Output W is the active HI highwayed result. 
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12SG-11 OR Function. 


LOGIC SYMBOL 


BIAS L@ = S(O-3) 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


The Z(0) output is the active LO result of an 8-bit OR function. Output Z(1) is the active 
HI result of the OR function. 
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12SG-12 AND Function. 


LOGIC SYMBOL 


ONE 
, S(0-3) 


BIAS L@® = 


N 
BIAS HI =F 


OPERATIONAL DESCRIPTION 


Outputs V, X, and Y are three copies of the active LO highwayed result (Ao BeCeD). 


Output Z is the active HI highwayed result. 


60458120 B ; l of 1 


-12SG~-13 AND Gates. 


LOGIC SYMBOL 


(0) 44 


(0) 46 
(0) 43, 


(7 I 


Lb 


iZ 


(1) 37 
(1) 38n 
(1) 36 
(1) 42 


‘i 
(7 


2) in 
(2) 08 


DG) O8N 


BIAS L@ = NONE 
BIAS HI =F, S(@-3) 


OPERATIONAL DESCRIPTION 


(None required). 
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12SG-14 AND Gates. 


nee 


aN 
iN 


D(2) 


& 


va 
e 
nh 
O 

4 
Iie 
ee 


Cos 
ool un 
> 
a 
Nh 
oO 


DIO 
SSI 
“Il 00 


ees 
Oo! 
ul 


7" 


16 


BIAS L@ = NONE 
;BIAS HI = S(0-10) ; 


OPERATIONAL DESCRIPTION 


Pin F gates the AND results to the Y output pins. 
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12SG-16 Four-Rank Shift Register and Multiplexer/AND/OR Combinational Logic. 


LOGIC SYMBOL 


4 

Bil) 38 IN 
Cl) 36 ine 
DU) 42 TIT’ 
iss 


G2 
Ss) 19 GI 


I 
aN 
[aC ia 1) 
S06) 22 
PECK OSes a a ea 
so) _12 
50) 35 
S®)__ 29 
S7)__45 
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12SG- 16 (Contd) 


OPERATIONAL DESCRIPTION 


Each bit of the shift register (SR-4) has two inputs, one from the four-input mux and one 
from the AND of the same 4 bits. 


Pins 8(4), S(5), and CLCK control the upper (first) rank of the shift register. A 
translation of 5 selects and clocks the AND data, 6 selects and clocks the mux data, and 7 
clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO, a right (down) shift of one takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
as a shift, the new data is loaded and the previous data are shifted. 


Each bit of the shift register has two outputs. The X outputs are always the output of the 
first rank. The Y outputs are controlled by pins S(7-10) and are the mux of any or all of 
the four ranks of the shift register. If more than one select signal is active (LO) at the 
same time, the contents of the selected ranks are ORed to the Y outputs. 


The V, W, and Z outputs are from OR functions which have nothing to do with the shift 


register. Each of their OR functions receives the same two inputs as the shift register and 
ORs them together. 
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12SG-18 Multiplexer/AND/OR Combinational Logic. 


LOGIC SYMBOL 


IN 
Bl) 38 IN 
CU), 56. Un 
D 2 


ain 
DU) 42 TIN 
LN 

IN 

IN 

IN 


IN 
Eran it 
(2 ee a 
pay oa Tha 


IN 
BS) ‘15 ts 
CG) 1B TT 
D(3) Wagan 


NOTE: /\ THE X(0-3) @UTPUTS SF THE SG TYPE 18 RELY @N THE RESET 
STATE @F AN INTERNAL REGISTER. THE C@NNECTIGN @F THE 
CLCK INPUT T@ A CL@CK SIGNAL INSURES THE RESET STATE 
@F THAT REGISTER. @NLY @NE CLOCK PULSE IS NEEDED. 


BIAS L@ = S(4-5) 
BIAS HI = S(6-10) 
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128G-18 (Contd) 


OPERATIONAL DESCRIPTION 


The outputs come from OR functions. Each of these OR functions has two inputs, a four-input 
mux and an AND of the same four inputs. 


Pin F gates the X and Y outputs. 


Clock must be connected to the 12SG-18 to clear an internal register. This register is not 
shown but the clock input (pin CLCK) is. Refer to the note below the symbol. 
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12SG-19 Four-Input Multiplexer With an OR of the Lower Two Multiplexers. 


LOGIC SYMBOL 


BIAS L@ = NONE 
BIAS HI =F 


OPERATIONAL DESCRIPTION 


The V, Y, X, and W outputs are fed by four-input muxes controlled by pins S(0-3). The (>0) 
symbol located above the G modifier in the common control block is a coincident input 
modifier. It indicates that at least one control input must be active or the outputs are 
undefined. 


Pin Z(2) is the output of an OR of the selected inputs from the two lower muxes. 
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12SG-20 Four/Eight-Input OR. 


LOGIC SYMBOL 


A(@),B), 
C(2),D(2) 


(4) N 
A(3),B(3), 
C(3),D(3) 

(4) N 


| 


OPERATIONAL DESCRIPTION 


Each symbol contains three OR gates. The top and bottom gates each OR 4 bits together. The 
center gate ORs the results of the top and bottom gates. 


The active LO result from each 4-bit OR gate is fanned out on three pins. 
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12SG-21  Multiplexer/AND/OR Combinational Logic. 


LOGIC SYMBOL 


04 YU 


st) 
s{2) 2la 
SG) I3Ne, 


S, 
iS 


) 


W28 Y(2 


P24 x3) 
L233 Y(3) 


G4 
S(l)_ 34. 
(= be 
S(3) «19 . 
BIAS L@ = NONE 
BIAS HI =F 


l of 3 
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12SG-21 (Contd) 


BIAS L@ = NONE 
BIAS HI =F 


60458120 B 2 of 3 


12SG-21 (Cont “d) 


OPERATIONAL DESCRIPTION 


The V, W, X, and Y outputs come from OR functions each with two inputs, a mux of four inputs 
and an AND of the same four inputs. 


The Z outputs come from OR functions each with two inputs. 
Pins Z(0-1) are fed by an OR of the 2 most-significant bits from the mux. 


Pins Z(2-3) are fed by an OR of the 2 least-significant bits from the mux. 
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12SG-22  AND/OR Combinational Logic. 


LOGIC SYMBOL 


BIAS L@ = AO), AG) BU BG) F, S(4) S(7) 
BIAS HI = A(1), BO) DO-3) S@) SG) S(-10) 


OPERATIONAL DESCRIPTION 


Pins V(O) and V(1) are outputs from l-input OR functions. 

Pin W(2) is the output from an OR of 2 ANDs. 

Pin X(3) is the output from a flip-flop fed by a 2-input OR and clocked by pin CLCK. 
Pin V(3) is the output from the same 2-input OR which feeds the flip-flop. 
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12SG-23 Multiplexer/AND/OR Combinational Logic. 


LOGIC SYMBOL 


IN 
BU) 38 ne 
cy 36 TIN 
Dil) 42 aI 


D@) 08 rt 


aS) _15__TN5 
c@)_ie_TINs 
D3) 17 air | 


F 
S6), S8), SQ), SCO) 


BIAS L® 
BIAS HI 
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12SG-23 (Cont “d) 


OPERATIONAL DESCRIPTION 


Pins V, W, and Z are the result of OR functions. Pins X and Y are the contents of a 
register. Pin S(7) gates the contents of the register to the Y outputs. 


Each bit of the register has two inputs, one from a four-input mux and one from the AND of 
the same four inputs. 


Pins S(4), S(5), and CLCK control the register. A control translation of 5 selects and 
clocks the results of the AND gates into the register, 6 selects and clocks the mux result 
into the register, and 7 clears the register. 
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12SG-24 AND to a Four-Rank Shift Register. 


LOGIC SYMBOL 


BIAS L 
BIAS H 


Ha 


= SS) F 
= $(0-3) 


ep) 
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12SG-24 (Cont ‘d) 


OPERATIONAL DESCRIPTION 
Each bit of the shift register is fed by a four-input AND gate. 


Pins S(4) and CLCK control the upper (first) rank of the shift register. A translation of 2 
clocks the AND results into the upper rank. A translation of 3 clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO, a right (down) shift of 1 takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
as a shift, the new data is loaded and the previous contents are shifted. 


Each bit of the shift register has 2 outputs (X and Y). The X outputs are the outputs from 
the first rank. The Y outputs are controlled by pins S(7-10) and are the mux of any or all 
of the 4 ranks of the shift register. If more than 1 select signal is active (LO) at the 
same time, the contents of the selected ranks are ORed to the output highway. 
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L2SG-25 AND To a Four-Rank Shift Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The shift register is fed by the AND of four input highways. Outputs highways V and W are 
also results of the AND. 


Pins S(4) and CLCK control the upper (first) rank of the shift register. A translation of 
2 clocks the AND result into the upper rank. A translation of 3 clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO, a right (down) shift of one takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
as a shift, the new data is loaded and the previous contents are shifted. 


The shift register has two highwayed outputs. The upper highway is always the output of the 
first rank. The lower output highway is controlled by pins S$(7-10) and is the mux of any or 
all of the 4 ranks of the shift register. If more than 1 select signal is active (LO) at 
the same time, the contents of the selected ranks are ORed to the output highway. 
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12SG-26 OR to a Four-~Rank Shift Register. 


LOGIC SYMBOL 


) 
31 W() 
) 


30 XC 
| 28 Y(2) 


BIAS L@ = S(0-4) F 
BIAS HI = NONE 
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12SG-26 (Contd) 


OPERATIONAL DESCRIPTION 
Each bit of the shift register is fed by a four-input OR gate. 


Pins S(4) and CLCK control the upper (first) rank of the shift register. A translation of 2 
clocks the OR results into the upper rank. A translation of 3 clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO a right (down) shift of 1 takes place. The 
contents of the upper rank shift down to the second rank and the contents of the second rank 
shift down to the third rank etc. If a load of the first rank occurs at the same time as a 

shift, the new data is loaded and the previous contents are shifted. 


Each bit of the shift register has 2 outputs (X and Y). The X outputs are the outputs from 
the first rank. The Y outputs are controlled by pins S(7-10) and are the mux of any or all 
of the 4 ranks of the shift register. If more than 1 select signal is active (LO) at the 
same time, the contents of the selected ranks are ORed to the output highway. 
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12SG-27 OR to a Four-Rank Shift Register. 


LOGIC SYMBOL 


NOTE: 12SG TYPES 3! AND 32 USE THE SAME BIAS. 


BIAS LO 
BIAS HI 


S(0-4), F 
NONE 


OPERATIONAL DESCRIPTION 


The shift register is fed by OR of four input highways. Outputs highways V and W are also 
results of the OR. 


Pins S(4) and CLCK control the upper (first) rank of the shift register. A translation of a 
2 clocks the OR result into the upper rank. A translation of 3 clears the upper rank. 


When pin S(6) is LO and clock (pin CLCK) goes LO a right (down) shift of one takes place. 
The contents of the upper rank shift down to the second rank and the contents of the second 
rank shift down to the third rank etc. If a load of the first rank occurs at the same time 
as a shift, the new data is loaded and the previous contents are shifted. 


The shift register has two highwayed outputs. The upper highway is always the output of the 
first rank. The lower output highway is controlled by pins S(7-10) and is the mux of any or 
all of the 4 ranks of the shift register. If more than 1 select signal is active (LO) at 
the same time, the contents of the selected ranks are ORed to the output highway. 
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12SG-28  OR/Register. 


LOGIC SYMBOL 


BIAS L® =F, S(O-3) 
BIAS HI = S-6), S(8-10) 


OPERATIONAL DESCRIPTION 


Output highways V and W are results of an OR of the four input highways. The OR result also 
feeds a register controlled by pins S(4) and CLCK. 


Pin S(7) gates the contents of the register to output high Y. 
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12SG-29 Four~Input Multiplexer. 


LOGIC SYMBOL 


SS) 19 


BIAS L@ = S(4-6) 
BIAS HI = S(7-10) 


OPERATIONAL DESCRIPTION 


If more than one gating modifier (G) is active at the same time an OR of the selected 
highways takes place. 


Pin F gates the output to highway Y. 


The (>0) symbol located above the G modifier in the common control block is a coincident 
input. modifier. It indicates that at least one control input must be active or the outputs 


are undefined. 
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12SG-30 Multiplexer/OR and a Register. 


LOGIC SYMBOL | 


BIAS L@ 
BIAS HI 


Nout 
poll 
> 
n 


3(6), S(8-10) 


OPERATIONAL DESCRIPTION 

Output highways V and W and the inputs to the register are the result of a mux/OR function 
controlled by pins S(0-3). If more than one select signal is active at the same time, the 
selected input highways are ORed together. If no select signals are active, output highways 
V and W are undefined (denoted by > 0) and the input to the register is zero. 


Pin S(7) gates the contents of the register to output highway Y. 
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12SG-31 OR and a Register. 


LOGIC SYMBOL 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


Output highways V and W and the input to the register are the result of an OR of the 4 input 
highways. Output highway X is the output of the register. 
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12SG-32 Highwayed OR. 


LOGIC SYMBOL 


NOTE: THIS IS THE SAME BIAS AS THE !I2SG TYPE 27. 


BIAS L@ = S(O-4), F 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


(None required). 


60458120 B 1 of 1 


128H 


ee REAL | VIRT 
PIN PIN 
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12SH-O Mux/Buffer and Disassembly. 


LOGIC SYMBOL 


M(1) 44 Q 


M(O) 47 
ba 
CLCK O03 one 


BIAS L@ = V29 
BIAS HI = NONE 
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12SH-0 (Cont“d) 


OPERATIONAL DESCRIPTION 


The 12SH-O selects data from four 4-bit input highways, holds the selected data in any one 
of three data buffers, and disassembles it 1 bit per clock period through a mux on the 
output of each data buffer. 


Input Mux 


The data portion (top) of the Input Mux consists of two muxes. The top mux selects between 
the B and D input highways. The bottom mux selects from all four input highways. Gating 
modifiers G1-G4 gate the selected data through the muxes. When more than one gating 
modifier is active at the same time,the muxes OR the selected highways together. Inputs 
F(0-3) control the gating modifiers. 


Clock 

Clock and a clock enable signal enter the array on pins CLCK and CLCKEN respectively (lower 
left corner of the symbol). The two signals are ANDed to control the clocks for the 
registers (data buffers) in the center of the symbol. Note that the clock signal sent to 
the control registers in the output muxes is not ANDed with the clock enable. Thus when pin 
CLCKEN is HI, it disables clock to the data buffers but not to the control registers in the 
output muxes. 


Registers 1A and 1B 


These two registers form one of the three data buffers. Inputs G(0,1) along with clock are 
translated to control both registers. 


Control translations of 0-4 do not activate any modifiers and therefore cause the registers 
to hold their contents. 


A control translation of 5 activates clock modifier Cl. Cl clocks selected mux data into 
both registers. 


A control translation of 6 activates C2. C2 clocks data from Register 1A into Register 1B. 
A control translation of 7 activates Z which clears Register 1B. 


Registers 2A and 2B 
These two registers form one of the three data buffers. They operate in the same manner as 
Registers 1A and 1B and are controlled by inputs H(0,1) and clock. 


Registers 3 


Register 3 is one of the three data buffers. Input pin J is ANDed with clock to control 
clock modifier C. When C is active, it clocks Input Mux data into Register 3. 


Output Muxes 


Each output mux disassembles (selects 1 bit per clock) the 4 bits held in its respective 
data buffer. Gating modifiers in the top OR function of each output mux select one of four 
bits to the mux outputs. For fanout purposes, Output Mux 1 outputs two copies of the 
selected bit (outputs V17 and V21) and Output Mux 3 outputs three copies of its selected bit 
(outputs V19, V23, and V27). 
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12SH-O (Cont “d) 


Output Muxes 1 and 2 also each have an additional OR function where gating modifiers select 
between bits 1 and 3 from their respective data buffers. 


Two control signals and clock enter the common control block of each output mux. The two 
control signals are translated and clock clocks the translation into a register. The output 
of the register controls the gating modifiers. 

3 of 3 
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12SH-1 Mux/Register and Selectable Input OR. 


LOGIC SYMBOL 


aS 


21 SQ) 


NOTE: 
THERE ARE 3 OUTPUTS (FANQUTS) 
PER BIT. REFER T@ THE TABLE 
FOR THE @UTPUT PIN NUMBERS. 


INPUTS FAN@UT PINS 


A3+B3+C3+D3 | P(O) | PU) | PC) 


BIAS L@ = J, GO), HO) Ml), Vv29 
BIAS HI = K(@-1), LO-1), MO) GO) HU) 


OPERATIONAL DESCRIPTION 


The 12SH-1 performs two functions: a mux of four 4-bit input highways to a 4-bit register, 
and a 4, 8, 12, or 16 input OR. 


Mux/Register 
Inputs F(0-3) control gating modifiers which gate one or more 4-bit input highways to the 


4-bit register. When the gating modifiers gate more than one input highway to the register, 
the highways are ORed together to form one 4-bit highway. Clock modifiers clock the 
selected data into the register. The register has three sets of outputs. 


OR Function 

Inputs F(0-3) control gating modifiers which gate one or more 4-bit highways into an OR 
function which ORs all the bits together. Output S(0) is an active LO output and S(1) is an 
active HI output from the OR function. 


60458120 B 1 of 1 


12SH-2 16 Input OR. 


LOGIC SYMBOL 


BIAS L® = 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SH-3 Mux/Register With Separate Clock Enables. 


LOGIC SYMBOL 


NOTE: INPUT PINS 26, 18, 37, 15 (A(2), BI2), 
C(2), D(2) ARE N@T USED.) 


(0), M(O-1), V29 


BIAS L@ =L 
= K(O-1), LU) 


BIAS HI 


OPERATIONAL DESCRIPTION 


The 12SH-3 contains two major functions, an input mux and a 3-bit register. 


Input Mux 


Inputs F(0-3) control gating modifiers which gate one or more input highways to the output 
of the mux. When the gating modifiers gate more than one input highway at the same time, 
the mux ORs the selected highways together. 
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12SH-3 (Contd) 


Register 
Each bit in the register has its own clock control and bits 0 and 1 have individual reset 
controls. 


The CLOCK input to the register is the AND of the clock signal on pins CLCK and the clock 
enable signal on pin CLCKEN. 


Input pins G(0,1) and CLOCK are translated to control bit O of the register. Translations 
of 0-2, 4, and 5 do not activate any modifiers and therefore cause bit 0 to hold. 


A translation of 3 activates clock modifier Cl which clocks bit 0. 
A translation of 7 activates Zl which clears bit 0. 


Inputs H(0,1) and CLOCK are translated to control bit 1 in the same manner as G(0,1) and 
CLOCK control bit 0. 


Input pin J is ANDed with CLOCK to activate clock modifier C3. C3 clocks bit 3. Bit 3 has 
six output pins. 
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12SH-4 OR/Latch. 


LOGIC SYMBOL 


CKEN, F(2), G(O-1), HO-1), V29 . 
(3), K(O-1) 


BIAS L@ = 
BIAS HI = 


710 
I- 


OPERATIONAL DESCRIPTION : 

The 12SH-4 is a three-input OR gate on the input to a latch. Two control inputs, F(0,1), 
control gating modifiers which gate pins A(0) and B(0O) into the OR function. The equation 
for the input to the latch is: (A(0) AND F(O) OR (B(0) AND F(1)) OR C(O). 


Clock on pin CLCK clocks the result of the OR function into the latch. 
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12SH-5 Register With Mux Outputs. 


LOGIC SYMBOL 


BIAS L@ = CLCKEN, F(), GlO), H(O) Vv29 
BIAS HI = A(I-3) BUI-3) C(I-3), DO) LO=-1), HO), GO) 


OPERATIONAL DESCRIPTION 


The 12SH-5 is a 4-bit register with an OR function connected to the input of the 
most~significant bit and two mux functions on the register outputs. 


Output pins V17 and V21 are the output of a mux which selects one of the 4 bits from the 
register. 


Outputs V19, V23, and V27 are the output of a mux which selects between the most and 
least-significant bits from the register. 


OR Function 
Input pins F(0-2) control gating modifiers G1-G3 respectively, which gate pins A(0O), B(0), 
and C(O) into the three-input OR function. 


Register and Four-Bit Output Mux 
Clock on input CLCK controls clock modifier C. C clocks the result of the OR function and 


inputs D(1-3) into the register. Output pin V25 is the ungated output from the 
most~significant bit. The least-significant bit also has an ungated output which connects 
to the two-bit output mux. 
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12SH-5 = (Cont “d) 


Gating modifiers G1-G4 select one of the 4 register bits through an output mux to pins VI17 
and V21. 


Input pins K(0,1) are translated in the common control block of the register. Clock 
modifier C clocks the result of the translation into a control register which controls 
gating modifiers G1-G4. 


Two-Bit Output Mux 

Input pins M(O,1) are translated in the common control block of the 2-bit output mux. Clock 
modifier C clocks translations of 0 and 3 into a 2-bit control register which controls 
gating modifiers Gl and G2. Translations of 1 and 2 are not used, therefore the outputs of 
the mux are HI for those translations. 
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12SH-6 Selectable Input OR. 


LOGIC SYMBOL 


F(2) O3Ngo 
FS) BN 6, 


BIAS NONE 


OPERATIONAL DESCRIPTION 


Inputs F(0-3) control gating modifiers which gate one or more 4-bit highways into an OR 
function which ORs all the bits together. Output S(0) is an active LO output and S(1) is an 
active HI output from the OR function. 
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12SH-7 Register with Muxed Inputs and Outputs. 


LOGIC SYMBOL 


G(O), HO), CLCKEN, J, V29 


BIAS LQ = 
I = GCI), HC) 


BIAS H 


OPERATIONAL DESCRIPTION 


The 12SH-7 is a 4-bit register with a 4-highway mux on its input and a 4-bit mux on its 
output. 


Input Mux 


Inputs F(0-3) control gating modifiers which gate one or more input highways to the output 
of the mux. When the gating modifiers gate more than one input highway at the same time, 
the mux ORs the selected highways together. 


Register and Output Mux 


Clock on input CLCK controls clock modifier C. C clocks data into the register. Gating 
modifiers G1-G4 select one of the 4 register-bits through an output mux to pins V1/, V21, 
V19, V23, and V27. 


Two signals control the output mux. One control signal connects to input pins K(1) and 
M(1). The other connects to pins K(O) and M(0). The two control signals are translated in 
the common control block of the register. Clock modifier C clocks the result of the 
translation into a control register which controls gating modifiers G1-G4. 


60458120 B | ee 


12SH-8 Registers With Output Mux and Output Enables. 


LOGIC SYMBOL 


V29, F(3) LO) MCI), CLCKEN, GO), HO), J 
AO-1), BCO-1), C(O-1), KO) MO). © 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


The 12SH-8 consists of four registers, designated A-D, with an input mux for Register A, an 
Output Mux, and an Output Enable function. 


Input Mux 


The D(2,3) input highway enters the input mux ungated. Therefore when gating modifiers 
G1-G3 enable any of the other three input highways, the selected highways are ORed with the 
D(2,3) inputs. Input pins F(0-2) control gating modifiers G3-Gl respectively. 

Registers 

Clock enters the array on pin CLCK and clocks all four registers. 


Output Mux 


The output of register D selects between the ouptuts from registers A and C. When D is LO, 
G2 is active and selects register A. When D is HI, Gl is active and selects Register C. 
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12SH-8 (Contd) 


Output Enable 


The outputs from register B enable the Output Mux outputs to the V17, V18, V21 and V25 
outputs. When register B bit 0 is HI, G2 is active and enables output bits O and 1 to 
output pins V17 and V18 respectively. G2 also enables bit 0 to output to V21. When 
register B bit 1 is HI, Gl is active and enables output bit 1 to output to V25. 
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12SH-9 Mux. 


LOGIC SYMBOL 


NOTE: 
THERE ARE 3 @UTPUTS (FAN@UTS) 
PER BIT. REFER T@ THE TABLE 
FOR THE @UTPUT PIN NUMBERS. 


INPUTS FAN@UT PINS 
Al+Bl+C1+DI 


A2+B2+C2+D2}/ VIO} V23}V27 
A3+B3+C3+D3 |P(O) IPC) J P(2) 


IN 
F(3)_O8 eo 


BIAS L@ = CLCKEN, CLCK, J, G(O), H(O), M(1) 
BIAS HI = K(O-1), L(O-1), MO), GI) HUI, v29 


OPERATIONAL DESCRIPTION 
Inputs F(0-3) control gating modifiers which gate one or more input highways to the output 


of the mux. When the gating modifiers gate more than one input highway at the same time, 
the mux ORs the selected highways together. The mux has three sets of outputs. 
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12SH-10 Mux/Register. 


LOGIC SYMBOL 


CLCKEN 02 a 
CLCK 03, 


sti) 48 


, GO) HO) MU), V29 


BIAS L@ =J 
I = K(O-1) L(O-1), HOI), MO) 


BIAS H 


OPERATONAL DESCRIPTION 


Input Mux 


Inputs F(0-3) control gating modifiers which gate one or more input highways to the input of 
the register. When the gating modifiers gate more than one input highway at the same time, 
the mux ORs the selected highways together. 


Register 


Clock enters the array on pin CLCK, a clock enable signal enters on pin CLCKEN, and a reset 
enable signal enters on pin G(l). All three signals are translated to control the register. 


Translations of 0-5 activate no modifiers and therefore cause the register to hold. 
A translation of 6 activates clock modifier C which clocks selected data into the register. 


A translation of 7 clears the register. 
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12SI 


PIN REAL | VIRT 
NAME PIN PIN 
03 
vo1 12 V01 


vo2 16 V02 
10 
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12SI-0 Three Assembly Registers with Multiplexers on the Input and Output. 


LOGIC SYMBOL 


ASSEMBLY 
REGISTERS 


ASSEMBLY 
CONTROL 
42 LINES 


ASSEMBLY 
CONTROL 


BIAS L@ = VI8, V27 
BIAS HI = V1I3, V20, V28, V24 
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12SI-O (Contd) 


OPERATIONAL DESCRIPTION 


Input Muxes 
Pin VO7 selects one of two inputs to the top assembly register and gates pin VO5 to the 
second assembly register. 


Pin VO6 controls the input mux selection for the lower assembly register. 


Assembly Registers 
Pins V1l1, V10, VO9, VO8, and clock (pin CLCK) control the assembly of the top 2 registers. 


Each clock pulse latches the selected input into the selected bit positions of each 
register. Bits in each assembly register are numbered 0-3 and are sent to the output muxes. 


Pins V17, V16, V15, V14, and clock (pin V19) control the assembly of the bottom register. 


Output Muxes 


Signals entering pins V23, V22, and V21 are latched into a register (shown in the common 
control block of the output muxes). The register outputs and V1l2 control the output muxes. 


G4 must be active (controlled by pin V12) in order to make any selections to either output 
mux. 


G3 and G2 select the contents of the top or bottom assembly registers through the output 
muxes. 


Gl selects a combination of bits from the upper and middle assembly registers to enter the 
output muxes. Bits 0 and 1 from the upper assembly register feed bits 0 and 2 of the upper 
output mux. Bits 0 and 1 of the middle assembly register feed bits 1 and 3 of the upper 
output mux. Bits 2 and 3 from the upper and middle assembly registers feed the lower output 
Mux. 
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12SI-1 Exclusive OR with Fanout. 


LOGIC SYMBOL 


NOTE: ACTIVE HI @UTPUT MUST BE USED @R TERMINATED. 


BIAS L® = V26, V24 
BIAS HI = V2O 


OPERATIONAL DESCRIPTION 


(None required.) 


60458120 B l of 1 


12SI-2 Exclusive OR to a Flip-Flop. 


LOGIC SYMBOL 


N@TE: IF USED AS A RGTR, EITHER PIN 19 @R 7 MUST BE HIGH, 


VI8, V20, V26, V24 
NONE 


BIAS L@ 
BIAS HI 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-3 Flip-Flop to a Demultiplexer. 


LOGIC SYMBOL 


SS 


tn OO SOD 


~~ 


| 
1,6 
p 8 
2,4 
2,6 
8 


47 X(6) 
. 50 Y6) 


30 X(7) 
Sob YQ) 


NM 


War 


exe) 


3 
3 
IS 
IN 3 
CLEK O3nb 
BIAS L@ = VI8, v20 
BIAS HI = VI3 
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12SI-3 (Cont “d) 


OPERATIONAL DESCRIP TION 


Pin Vl2 is the data input pin to a flip-flop controlled by pin CLCK (clock). The contents 
of the flip-flop may be gated out one or more of the 8 outputs. 


OR functions feed each of the 8 outputs (2 pins per output). G7 gates the contents of each 
OR function to the output pins. 


The OR functions each have 3 inputs. The top OR function is used as an example. The top OR 
function will equal the contents of the flip-flop with the following active gating 
modifiers: (GO o G4) + (GO o G6) + G8. 


Pin V17 inhibits the coder function which produces GO-G3. With Pin V17 HI, GO-G3 will be 
inactive. 
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12SI-4 Three-Input Coder. 


LOGIC SYMBOL 


a 

47 X(6 
50 YG 
2! x6 
24  Y6 
Ol x4 
02 _Y4) 


L/ i/ 
eee PSS ere 


~~ 


27 XG 
28 (3 


BIAS L® = Vl2, V24, Vv25 
BIAS HI = V1I3, V20, V28, V27, V26 


OPERATIONAL DESCRIPTION 


Pins V14, V15, and V16 are translated and activate one of eight outputs. Pin V17 is an 
active HI inhibit. If Vl7 is HI, the translation is inhibited and all outputs are inactive. 
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12SI-5 AND/OR Combinational Logic. 


LOGIC SYMBOL 


BIAS L@ = 
BIAS HI = VI3, V18, V20, Vv23, V21, v22 


CLCK, V1I2, V27 


OPERATIONAL DESCRIPTION 


(None required.) 


60458120 B 


1 of 1 


12SI-6 Three-Input Coder. 


LOGIC SYMBOL 


Ol. ee 


& 
47 x6 
50 Y6 


wes ws Jw 


7 


21 x6 
24 15 
Ol x4 
02 Y(4 
27. XG 
28 Y@) 


/ 7 
wesw wes 


~~ 


BIAS LO = V12, v24, Vv25 
BIAS HI = VI3, V20, V28, V27, v26 


OPERATIONAL DESCRIPTION 
Pins V14, V15, and V16 are translated and activate one or more of the outputs. If the 


inputs translate to 0, 1, 2, or 3, both active LO and active HI outputs are produced. 
Translations of 4 - 7 produce only active LO outputs. 
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12SI-7 Demultiplexer. 


LOGIC SYMBOL 


04 X(O) 
05 YO) 


26 X(1) 
25 Y(I) 
) 


BIAS L@ = 
BIAS HI = VI3, VI8, V28, V23, V2I, V27, V22 


CLCK, V20, VI2, V24 


OPERATIONAL DESCRIPTION 
Pin V25 feeds an OR function whose contents are gated to one of eight outputs. 
Pins V14, V15, and V16 select one of eight outputs. 


Pin V17 is an active HI inhibit to the translation. If pin V17 is HI, GO-G7 are all 
inactive. 


Pin V26 is the input to a V (OR) modifier. If V is active all outputs are forced active. 


60458120 B l of 1 


12SI-8 AND/OR Combinational Logic. 


LOGIC SYMBOL 


BIAS L@ = CLCK, VIO, VO8, VI2, V28, VO9, V27, 
VI6, VI7, VI4, VII, VIS 
BIAS HI = V13, VI8, VO4, VOI, V23, V26 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-9 Two-Input Exclusive OR with a Fanout. 


LOGIC SYMBOL 


AN 
Keo YC) 
er XG) 
Kes Y(3) 
04 x(0 


r 05 YO 


ee ed eee 


NOTE: ACTIVE HI @UTPUT MUST BE USED @R TERMINATED. 


£ 


BIAS L® = 
BIAS HI = V20 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-10 Demultiplexer. 


LOGIC SYMBOL 


"BIAS L@ = V24, V25 
BIAS HI = CLCK, VI3, V20, V28, V27, V26 


OPERATIONAL DESCRIPTION 
Pin V12 feeds an OR function which is gated to one of eight outputs. 
Pins V14, V15, and V16 select one of eight outputs. 


Pin V17 is an active HI inhibit to the translation. If pin V17 is HI, GO-G7 are all 
inactive. 
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12SI-11 Exclusive OR/AND Combinational Logic with a Fanout. 


LOGIC SYMBOL 


NOTE: ACTIVE HI @UTPUT MUST BE USED oR TERMINATED, 


BIAS L@ = v24 
BIAS HI = VI6, VI7, VOI, VO2, VO3, 
VO4, VO5, V20, V25, V27 


OPERATIONAL DESCRIPTION 


There are 16 active LO outputs, X(0-7), Y(0-7), and 4 active HI outputs, Z(0-3). 
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12SI-12 Two-Input OR with a Fanout. 


LOGIC SYMBOL 


86 xX 
Rie 
eae 


~< 
ON] AN] — |] — 
ds ed Be 


rams 
olm 
4s} 00 
xX 
OO} 


P05 _¥( 
L522. x 
x 
ea 
30 Xx 


8 


iy 


Vy 
ine) 
Gi 


if |/ 
[@)t@) 
Mh) — 
x) 
DIO) AAAI 


NOTE: ACTIVE HI @UTPUT MUST BE USED @R TERMINATED. 


BIAS L® = V24, v25, Vv12 
BIAS HI = V13, V20, VI7 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-13 Flip-Flop with a Fanout. 


LOGIC SYMBOL 


/ 
“— 


P25 Y 


YUYY VY 
OVON OFO PY} P 
—|M} cn 00] N 

| =<] ><] X] 2X) ~<} >< 
GININ] OJ Oy oy— 


[S)) 
~~ 


ae ae nr ee — 


NOTE: ACTIVE HI OUTPUT MUST BE USED @R TERMINATED. 


BIAS L@ 24, V26, VI8, V2O0 


BIAS HI 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-14 Demultiplexer. 


LOGIC SYMBOL 


04 X(O) 


Pog XI) 
L235 YC 


52 x(2 
L 51 Y(2) 


27 x(3) 
28 Y(3) 


L O2 Y(4) 
24 5 


) 
} 50 Y(6) 


rn 


BIAS L@ = VI7, V24, V25 
BIAS HI = V13, V20, V27, V26. 


OPERATIONAL DESCRIPTION 
Pin V12 feeds an OR function whose output is gated to one or more outputs. 
Pins V14, V15, V16, and V28 control the output selection. 


Each output is fed by a one or two input OR function. The top two OR functions serve as 
examples: 


Output pins X(0) and Y(0) 
Output pins X(1) and Y(1) 


V12 e GO. 
(V12 e Gl) + (V12 e GO e G8). 
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12SI-15 AND/OR/Exclusive OR Combinational Logic. 


LOGIC SYMBOL 


NOTES: /\ ACTIVE L@ @UTPUTS ARE x(O-6) AND Y(O-6) 


ZA ACTIVE HI @UTPUTS ARE Z(0-3) 
BIAS L®@ = CLCK, VO3, VIO, VO8, voz, VvoO9, 
vI6, VI7, VI4, VII, VIS 
BIAS HI = VI8, VO4, VOI, V28, V2I, V26 


OPERATIONAL DESCRIPTION 
The outputs are fed by a three-input AND function. The top input to this AND 


function is from an OR of three ANDs. The middle input is from pin V27. The 
bottom input is from a two-input exclusive OR. 
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12ST-16 Flip-Flops to a Multiplexer. 


LOGIC SYMBOL 


Neots tL 


VI2 194 
V235 SSN op 


V22_43y 
CLCK 03 jeo 


BIAS L® 
BIAS HI 


VO6-11, VI4-18, V27 
V13, V20, V2I1, V24, v28 


OPERATIONAL DESCRIPTION 


Pins VOl and VO4 are inputs to separate flip-flops. The contents of these two flip-flops 
enter a mux. 


Signals entering pins V23, and V22 are latched into a register (shown in the common control 
block). The register outputs and V12 controls the selection of the mux. 


G2 and G3 must both be active to gate the contents of the top flip-flop to the outputs. Gl 
and G3 must both be active to gate the contents of the bottom flip-flop to the outputs. 


If all three gating modifiers are active at the same time, the contents of the two data 
flip-flops are ORed to the outputs. 
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12SI-17 MThree-Input Coder. 


LOGIC SYMBOL 


BIAS L@ = V24, V25 
BIAS HI = V20, V28, V27, V26 


OPERATIONAL DESCRIPTION 


The three data input pins, V14, V15, and V16, are translated and select one of eight outputs. 
Gating modifier G gates the output of the translation. 


Pin V17 is an active HI inhibit. If pin V17 is HI all translation outputs are inactive. 
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12SI-19 AND Gate to a Demultiplexer. 


LOGIC SYMBOL 


BIAS L@ = CLCK, v20, vI2 
BIAS HI = VI3, VI8, V28, V23, V21, V27, v22 


OPERATIONAL DESCRIPTION 

Input pins V25 and V24 are ANDed together and the result is gated to one of eight outputs. 
Pins V14, V15, and V16 are translated and select the output. Pin Vl/7 is an active HI 
inhibit. If pin V17 is HI the translation outputs are inactive and all gating modifiers 


(GO-G7) are inactive. 


Pins V24 and V26 are ANDed together to control the OR modifier V. If V is active all 
outputs are forced active. 
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12SI-20 AND/OR Combinational Logic. 


LOGIC SYMBOL 


XC) 
Keo: CE) 
Ler XS 
28 (3) 
~ 04 XO 
05. YO 
52. X(2 
COL. ee 

ae 

. 24 


Mh 
o>) 


7 


ons ~~] A 
NO oi 


C30. X 
PSYC?) 


Var 
O}O 
MI] — 
=|x 
Sp 


% 
wl 
@) 
= 
cep) 


aN 

~J 

pas 
Real 192) 1°23) fas 


n 


ONY} Po 
Oy| OLN 
NNN 
dale 


49 Z 


; 


CLCK, V!2, V27 
VI3, VI8, V20, V23, V2I, V22 


BIAS L@ 
_ BIAS HI 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-21  Three-Input Coder. 


LOGIC SYMBOL 


BIAS L® = Vl2, VI7, V24, V25 
I = 


V 
BIAS H V 


OPERATIONAL DESCRIPTION 
Pins, V14, V15, and V16, are translated and activate one or more of the outputs. If the 
inputs translate to 0, 1, 2, or 3, both active LO and active HI outputs are produced. 


Translations of 4 - 7 produce only active LO outputs. 


Pin V27 controls the OR modifier V. If V is active, all outputs are forced active. 
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12SI-22 AND Gate. 


LOGIC SYMBOL 


VW 
N 
fo») 

|X 


eo 


Y/Y YY yp Y/Y 
OLO}M] PM 
OW JN} 0O| N 
<{ ><] <1 x 


? 
oOVol 
—|hM 
pad Pas 
NN 


YY 
PP 
| — 
yes bod 
Oo 


— 


/ 
WN 
ie) 
x 
Qj 


3 Y(? 

LOl x4 

Oe Y(4 

V24 45, L 47 XG 
50 YG 


Zo. £AI 
29. 25 
O06 ZO 
49 Z@ 


/ 
~~ 


NOTE: ACTIVE HI @UTPUT MUST BE USED @R TERMINATED. 


BIAS L@ = CLCK, Vi2, V27r 
BIAS HI = VI3, VI8, V20, V2I, V22, V23, V25 


OPERATIONAL DESCRIPTION 


(None required.) 
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12SI-23. Demultiplexer. 


LOGIC SYMBOL 


) 
) 


Rew) 


~~ we | SS 


ol Oe 


/ 


LCK, V12, V24, V25 


BIAS L@ = C 
T= VIS, VI8, V20;- Veh. V22, V25, V23s 


BIAS H 


OPERATIONAL DESCRIPTION 

Pin V17 feeds an OR function which is gated to one or more of the outputs. 

Pins V14, V15, and V16 select one of eight G modifiers. The selected G modifier gates the 
contents of the OR function to one or more outputs. G0-G3 gate both active LO and active HI 


outputs. G4-G7 gate only active LO outputs. 


Pins V26 and V27 are ORed together to control the OR modifier V. If V is active, all 
outputs are forced active. 
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12SP 


REAL | VIRT 
PIN PIN 
19 
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12SP-O Registers to an Exclusive OR. 


LOGIC SYMBOL 


BIAS L@ = F(4) F(l) 
BIAS HI = FIO) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control inputs F(2,3) are translated to control the registers. 
Translations of 0-4 activate no modifiers and therefore cause the registers to hold. 
Translations of 5 or 7 clear the registers. 

A translation of 6 clocks the A and B highways into their respective registers. 


The output of the registers passes through an exclusive OR to output highway Y. 
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12SP-1 Exclusive OR. 


LOGIC SYMBOL 


N@TE: THIS CIRCUIT IS AVAILABLE IN M@DE | @R MODE 4 BIAS CONDITIONS. 


M@DE | - BIAS L® = F(I-2), CLCK 
BIAS HI = F(O) F(S-4) 


MODE 4- BIAS L@ = CLCk, F(O) 
BIAS HI = F(I-4) 


OPERATIONAL DESCRIPTION 


Y(N) = ACN) exclusive OR B(N). 
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12SP-2 OR to a Register. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI 
}COPIES OF Z(4-5), 


BIAS L@ = F(l) F(4) 
BIAS HI = F() 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control inputs F(2,3) are translated to control the register. 
Translations of 0-4 activate no modifiers and therefore cause the register to hold. 
Translations of 5 or 7 clear the register. 


A translation of 6 clocks the result of the OR function into the register. 
Z(N) = C(N) OR DCN). 


There is an active LO output for each bit in the register. There are active HI outputs only 
for the 2 least-significant bits. 
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LOGIC SYMBOL 


Denso 
xX ne 
4,5 
oS 2) 
X(4-5) ARE ACTIVE HI 
COPIES @F Z(4-5. 3/076 


NOTE: THIS CIRCUIT IS AVAILABLE IN M@DE | OR M@DE 7 BIAS CONDITIONS. 


M@DE | - BIAS L@ = F(Il-2) CLCK 
BIAS HI = F(O), F(3-4) 
6 COPIES PER ARRAY X-@UTPUT @N-2 C@PIES 


M@DE 7 - BIAS L® = CLCK, F(O), F(I) 
BIAS HI = F(2-4) 
@ COPIES PER ARRAY N@ X-QUTPUT 


OPERATIONAL DESCRIPTION 
Z(N) = C(N) OR D(N). 


There is an active LO output for each OR gate. There are active HI outputs only for the 2 
least-significant OR gates. 
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12SP-4 Registers to an AND. 


LOGIC SYBMOL 


X(4-5) ARE ACTIVE HI 
COPIES @F Z(4-5). 


BIAS L@ = F(O) F(4) 
BIAS HI = F(l-2) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the C and D highways into their respective registers. 

A translation of 3 clears the registers. 


The register outputs pass through AND functions on the in way to output highway Z. 
Z(N) = C(N) AND D(N). 


There is an active LO output for each AND gate. There are active HI outputs only for the 
two least-significant AND gates. 
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LOGIC SYMBOL 


Ean =o 
IN 4,2 (2) 


X(4-5) ARE ACTIVE HI 
COPIES OF Z(4-5). 5/008 


BIAS L@ = F(O) CLCK 
BIAS HI = F(l-4) 


OPERATIONAL DESCRIPTION 
Z(N) = C(N) AND DCN). 


There is an active LO output from each AND gate. There are active HI outputs only for the 
two least~significant AND gates. 
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12SP-6 Register. 


LOGIC SYMBOL 


NOTE: THIS CIRCUIT IS AVAILABLE IN M@DE 5 @R M@DE 6 BIAS CONDITIONS. 


M@DE 5 - BIAS L@ = FO), F), F(4) 
BIAS HI = F(1) 
4 COPIES PER ARRAY - A(2-5) 


M@DE 6 - BIAS L@ = F(O-2), F(4) 
’ BIAS HI = NONE 
6 COPIES PER ARRAY — A(O-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the register. 
Translations of 0 or 1 activate no modifiers and therefore cause the register to hold. 
A translation of 2 clocks the register. 


A translation of 3 clears the register. 
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12SP-7 Fanout. 


LOGIC SYMBOL 


NOTE: THIS CIRCUIT IS AVAILABLE IN M@DE 5 @R M@DE 6 BIAS CONDITIONS. 


M@DE 5- BIAS L@ = F(O) F(2), CLCK 
BIAS HI = F(l) FG-4) 
4 C@PIES PER ARRAY - A(2-5) 


M@DE 6- BIAS L@ = F(O-2), CLCK 
BIAS HI = F(3-4) 
6 C@PIES PER ARRAY - A(O-5) 


OPERATIONAL DESCRIPTION 


Y(N) = A(N). 
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12SP-8 Register. 


LOGIC SYMBOL 


NOTE: THIS CIRCUIT IS AVAILABLE IN M@DE 5 AND MODE 7 BIAS C@NDITIONS. 


M@DE 5 - BIAS L® = F(O), F(2), F(4) 
BIAS HI = F(I) 
2 C@PIES PER ARRAY - B(O-1) 


MDE 7 - BIAS L@ = F(O-1), F(4) 
BIAS HI = F(2) 
4 COPIES PER ARRAY - B(2-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control pin F(3) are translated to control the register. 
Translations of O or 1 activate no modifiers and therefore cause the register to hold. 
A translation of 2 clocks the register. 


A translation of 3 clears the register. 


60458120 B 1 of 1 


12SP-9 Fanout. 


LOGIC SYMBOL 


N@TE: THIS CIRCUIT IS AVAILABLE IN M@DE 5 AND M@DE 7 BIAS CONDITIONS. 


MZDE 5 - BIAS L@ = F(O). F(2@). CLCK 
BIAS HI = FCI). F(3-4) 
2 COPIES PER ARRAY - B(O-I) 
M2DE 7 - BIAS L@ = F(O-1). CLCK 


BIAS HI = F(2-4) 
4 COPIES PER ARRAY - B(2-5) 


OPERATIONAL DESCRIPTION 


Y(N) = B(N). 
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12SP-10 Registers to AND/OR Logic. 


LOGIC SYMBOT. 


BIAS L@ = F(O-2), F(4) 
BIAS HI = NONE 
2 C@PIES PER ARRAY - B(O-1), D(O-1), C1), Z(-1) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of O or 1 activate no modifiers and therefore cause the registers to hold. 
| A translation of 2 clocks the B, C, and D highways into their respective registers. 

A translation of 3 clears the registers. 

The outputs of the registers pass through AND/OR logic. 


Z(N) = (BCN) AND D(N)) OR C(N). 
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12SP-11  AND/OR Logic. 


LOGIC SYMBOL 


BIAS L@ = F(O0-2), CLCK 
BIAS HI = F(S-4) 
2 COPIES PER ARRAY - B(O-1), C(O-1), D(O-1), Z(O-1)- 


OPERATIONAL DESCRIPTION 


Z(N) = (BCN) AND D(N)) OR CCN). 
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12SP-12 Registers to AND/OR Logic. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI 
COPIES OF Z2(4-5) ;2/OaR 


BIAS L@ = F(O) F(2), F(4) 

BIAS HI = F(1) 

4 COPIES PER ARRAY —- D(2-5), C(2-5) B(2-5), 
Z(2-5), x(4-5) 


OPERATIONAL DESCRIPTION 

Clock x pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or | activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the B, C, and D nienwnys into their respective registers. 

A translation of 3 clears the registers. 

The outputs of the registers pass through AND/OR logic. 

Z(N) = (C(DCN) OR CC(N)) AND B(N). 


There is an active LO output for each result bit. There is an active HI output only for the 
2 least-significant result bits. 
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12SP-13 OR/AND. 


LOGIC SYMBOL 


. 45 
X(4-5) ARE ACTIVE HI 
COPIES @F Z(4-5. 13/608 


BIAS L@ = F(O) F(2), CLCK 
BIAS HI = F(l), FG-4) 


4 C@PIES PER ARRAY - D(2-5), C(@-5), B(@-5), 
Z(2-5), X(4—-5) 


OPERATIONAL DESCRIPTION 


Z(N) = (D(N) OR C(N)) AND B(N). 


There is an active LO output for each result bit. 


2 least-significant bits. 
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There is an active HI output only for the 
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12SP-14 Registers to Exclusive OR, OR, and AND Logic. 


LOGIC SYMBOL 


BIAS L@® = F(O-1), F(4) 

BIAS HI = F(2) 

2 COPIES PER ARRAY - A(O-1), BO-1), C(O-1), 
O(o-”) Y(O-1), Z(O-1) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the A, B, C, and D highways into their respective registers. 
A translation of 3 clears the registers. 

The outputs of the registers pass through the exclusive OR, OR, and AND logic. 


Y(N) 


[AC(N) exclusive OR B(N)] AND [C(N) OR D(N)]. 


Z(N) = C(N) OR D(N). 
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12SP-15 Exclusive OR, OR, and AND Logic. 


LOGIC SYMBOL 


BIAS L@ = F(O-1), CLCK 

BIAS HI = F(2-4) ; 

2 COPIES PER ARRAY - A(O-1), BO-!), C(O-1), DIO-1) 
YO-1), Z(@-1) 


OPERATIONAL DESCRIPTION 


Y(N) [A(N) exclusive OR B(N)] AND [C(N) OR D(N)] 


Z(N) = C(N) OR D(N). 
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12SP-16 Registers to AND Logic. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI . 
COPIES OF 214-5) 16[02B! 


BIAS L@ = F(O-2), F) 

BIAS HI = N@NE 

4 C@PIES PER ARRAY —- B(2-5), C(2@-5), D(2-5), 
Z(2-5), X(4—-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the B, C, and D highways into their respective registers. 

A translation of 3 clears the registers. 

The outputs of the registers pass through the AND logic. 

Z(N) = BCN) AND C(N) AND DCN). 


There is an active LO output for each result bit. There are active HI outputs only for the . 
2 least-significant bits. 
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12SP-17 AND Logic. 
LOGIC SYMBOL 
& NN 
X(4-5 


X(4-5) ARE ACTIVE HI 
COPIES OF Z(4-5) 17[O0B 


BIAS L@® = F(O-2), CLCK 
BIAS HI = F(S-4). 
4 C@PIES PER ARRAY - B(2-5), C(2-5), D(2-5) 


OPERATIONAL DESCRIPTION 
Z(N) = BC(N) AND C(N) AND D(N). 


There is an active LO output for each result bit. There are active HI outputs only for the 
2 least~-significant bits. 
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12SP-18 Register. 


LOGIC SYMBOL 


BIAS L® = F(4) 
BIAS HI = NONE 
2 C@PIES PER ARRAY - M(O-1), N(O-!) 


OPERATIONAL DESCRIPTION 


Clock on pin CLCK clocks the M highway into the register. 
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12SP-19 Fanout. 


LOGIC SYMBOL 


BIAS L@ = CLCK 
BIAS HI = F(4) 
2 COPIES PER ARRAY -— M(O-1), N(O-1) 


OPERATIONAL DESCRIPTION 


N(N) = M(N). 
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12SP-20 Arithmetic and Logical Unit. 


LOGIC SYMBOL 


iS 
IN 


GECKOS Rk 


BIAS L@ = F(4) 
BIAS HI = F(O) 


OPERATIONAL DESCRIPTION 


Registers 


Clock on pin CLCK and control inputs F(1-3) control the registers. The F(1,2) inputs also 
control the ALU. 


Clock modifier C clocks the A, B, C, and D highways into the their respective registers. 
C = (F(1) OR F(2)) AND F(3) AND CLCK. 


Reset modifier R clears the registers. R = F(3) AND CLCK. 
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12SP-20 (Cont “d) 


ALU 


The outputs of the registers enter the ALU where they are weighted binarily and designated 
as operands A, B, C, and D. The ALU has two output operands designated Fl and F2. Output 
operands Fl and F2 are weighted binarily and leave the array on output highways Y and Z 
respectively. The F qualifying symbol indicates that the symbol is incomplete and the 
function information (contents of the Fl and F2 output operands) is expressed by equations 
in the common control block. 


Input pins F(1) and F(2) are translated to control the Fl and F2 output operands. 
A translation of 0 selects the C operand to Fl and the D operand to F2. 


A translation of 1 selects an exclusive OR of the A and B operands to Fl. F2 is an AND 
operation between the B operand and the complement of the A operand. 


Translations of 2 and 3 both select an exclusive OR of the A and B operands to Fl and the C 
operand to F2. 
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12SP-21 Registers to OR/AND Logic. 


LOGIC SYMBOL 


BIAS L@® = F(O) F(2) F(4) 
BIAS HI = F(1) 
2 COPIES PER ARRAY ~- C(O-1), D(O-1), A@-1), ZO-1) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the C, D, and A highways into their respective registers. 

A translation of 3 clears the registers. 


The outputs of the registers pass through the OR/AND logic. 


Z(N) = (CCN) OR D(N)) AND ACN). 
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12SP-22. OR/AND Logic. 


LOGIC SYMBOL 


BIAS L@ = F(O), F(2), CLCK 
BIAS HI = F(l), F(@-4) 
2 COPIES PER ARRAY - C(O-1), D(O-1), A(O-1), Z(O-1) 


OPERATIONAL DESCRIPTION 


Z(N) = (C(N) OR D(N)) AND ACN). 
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12SP-23 Registers to AND Logic. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI 
C@PIES OF Z(4-5). 23/018 


BIAS L@ = F(O-1), F(4) 

BIAS HI = F(2) 

4 COPIES PER ARRAY - A(2-5) C(2-5), D(2-5), 
Z(2-5), X(4-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the A, C, and D highways into their respective registers. 


The outputs of the registers pass through the AND logic. 


Z(N) = ACN) AND C(N) AND D(N). 


There is an active LO output for each result bit. There are active HI outputs only for the 
2 least-significant bits. 
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12SP-24 AND Logic. 


LOGIC SYMBOL 


[1 2SP | 
eo ee 


X(4-5) 
Cer ee 


X(4-5) ARE ACTIVE HI 
COPIES QF 2(4-5). 24/OoBI 


BIAS L@ = F(O-1), CLCK 

BIAS HI = Fl2-4) 

4 C@PIES PER ARRAY - A(2-5), C(2-5), D(2-5), 
Z(2-5), x(4-5) 


OPERATIONAL DESCRIPTION 


Z(N) = A(N) AND C(N) AND D(N). 


There is an active LO output for each result bit. There are active HI outputs only for the 
2 least-significant bits. 
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12SP-25 Registers to Exclusive OR. 


LOGIC SYMBOL 


BIAS L@® = F(O), F(4) 
BIAS HI = F(l-2) 
6 COPIES PER ARRAY - A(O-5), B(O-5), Y(O-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of O or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the A and B highways into their respective registers. 

The outputs of the registers pass through an exclusive OR. 


Y(N)° = Z(N) exclusive OR B(N). 
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12SP-27 Registers to Exclusive OR and AND Logic. 


LOGIC SYMBOL 


iN 
F) 22s 


X(4-5) ARE ACTIVE HI 
COPIES OF Z(4-5). 27/[O2AI 


BIAS L@® = F(2), F(4), C(O-5) 
BIAS HI = F(O-1) 
6 COPIES PER ARRAY - A(O- 5), B(O-5), Y(O-5), Z(O-5) 


OPERATIONAL DESCRIPTION 


Clock on pin CLCK and control input F(3) are translated to control the registers. 
Translations of 0 or 1 activate no modifiers and therefore cause the registers to hold. 
A translation of 2 clocks the A and B highways into two pairs of registers. 


The outputs from the top pair of registers pass through the exclusive OR function. 


A(N) exclusive OR B(N). 


The outputs from the bottom pair of registers pass through the AND function. 


Z(N) = ACN) AND B(N). 


There is an active LO output for each AND result bit. 


the 2 least-significant AND result bits. 
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Y(N) = 


There are active HI outputs only for 


of 


12SP-28 Registers to an Exclusive OR and an OR to a Register. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI 
COPIES OF Z(4-5), 


BIAS L@ = F(l) F(4) 
BIAS HI = F(O) 
6 COPIES PER ARRAY — A(O-5) B(O-5), C(O-5) D(O-5) 


OPERATIONAL DESCRIPTION 

Clock on pin CLCK and control inputs F(2,3) are translated to control the registers. 
Translations of 0-4 activate no modifiers and therefore cause the registers to hold. 
Translations of 5 or 7 clear the registers. 


A translation of 6 clocks the A and B highways into their respective registers. Y(N) = A(N) 
exclusive OR B(N). 


A translation of 6 also clocks the result of the OR function (C OR D) into its register. 


There is an active LO output from each bit of the register. There are active HI outputs 
only for the 2 least-significant bits. 
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12SP-29 Fanout. 


LOGIC SYMBOL 


NOTE: INPUTS ARE A(O-5), C(O-5), M(O- 1). 
MUTPUTS ARE Y(O-5) Z(O-5), N(O-1). 


BIAS L® = CLCK, F(O-2), B(2-5), D(2-5) 
BIAS HI = F(-4) BO-1!) 


OPERATIONAL DESCRIPTION 


Y(N) = ACN), Z2(N) = C(N), N(N) = M(N). 
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12SP-30 Exclusive OR and AND Logic. 


LOGIC SYMBOL 


X(4-5) ARE ACTIVE HI 
CQPIES OF Z(4-5) zo 


BIAS L® = CLCk, F(2), C(O-5) 
BIAS HI = FO-1) F(@-4) 


OPERATIONAL DESCRIPTION 


Y(N) = ACN) exclusive OR B(N). 


Z(N) A(N) AND B(N). 


There is an active LO output for each AND gate bit. There are active HI outputs only for 
the 2 least-significant bits. 
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12ST 


REAL | VIRT 
PIN | PIN 
Ay 18 
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12ST-O Nonrestore Divide Network 


LOGIC SYMBOL 


INITIAL L@AD 
pes a (4% 


PARTIAL 
SUBTRACTOR 


BIAS L@ = 02 
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12ST-O0 (Cont'd) 


OPERATIONAL DESCRIPTION 


‘This circuit is a nonrestore divide network. There are 13 circuits of this type in a 
stack. This circuit can either doa divide or a square root operation. 


The register element in the first column is used to generate a partial sum (enable) and a 
partial carry (generate). This sum and carry each consists of four bits (00 through 03). 
Depending on the G terms active, the terms GS4, ES4 or GA4, EA4 are input. For the initial 
loading, AO through A3 are forced to subtract. For each generate and enable a partial add 
and subtract are done. For the partial add and subtract, the divide terms DO through D4 are 
also input. The outcome of the partial add and subtract are both output through terms NGGA 
(not group generate add), GEA (group enable add), NGGS (not group generate subtract), and 
GES (group enable subtract). These terms are sent to the first level of the carry tree 
which determines the sign. If the sign is negative, an add is done; if positive, a subtract 
is done on the next cycle (SS and SA). The terms GO (generate 0), NGO (not generate 0), NEO 
(not enable 0), and EO (enable 0) are sent to the next higher-order bit position G14, NGI4, 
NEI4, and NEI4, ensuring that the correct bit positions are used. The terms XEAO, XGAQO, 
XESO, and XGSO are output to the next higher-order bit positions YEA4, YGA4, YES4, and 

YGS4. These are input to the gated input OR gate. IF Gl is active, the terms are used in 
the square root operation. The top output from the gated OR gate is ZGAO, ZEAO, ZGSO, and 
ZESO. These terms are output to the next higher-order chip at GA4, EA4, GS4, and ES4, 
respectively. The output is the desired result and is looped back to GA4, EA4, GS4, and ES4. 
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60458120 D 


12SU 


REAL | VIRT 
PIN | PIN 
19 


C(0) V17 
C(1) 23 + «424V18 
C(2) 25 v19 
C(3) 28 V20 


C(4) 30 V21 
C(5) 31 V22 
C(6) 33 V23 
C(7) SAME AS POPCNT (0) 


NC(O) 21 V28 
NC(1) 26 Vv29 
D(0) 06 V38 
D(1) 04 ~=«24V39 


D(2) 01 v40 
D(3) 31. V41 
D(4) 49 v42 
D(5) 50 VvV43 


D(6) 48 v44 
D(7) 47 V45 
ND(O) 05 v46 
ND(1) 03 V47 


POPCNT(O) 32 V24 
POPCNT(1) 29. V25 
POPCNT(2) 27 V26 
POPCNT(3) 24 V27 
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12SU-1 Summing Network, 


LOGIC SYMBOL 


© 
Sl Goel ake 
09.02: 57.38 


BIAS L@ - 17, 18, 19, 20, 34, 35, 36, 42 


OPERATIONAL DESCRIPTION 
This circuit is a summing network. An array contains one circuit. 


Each LO input (Z0-Z7) is assigned a value of one. The total number of LO inputs is decoded 
and the binary representation of that number appears at the output. 


Outputs 

Number of LO inputs 32 29 27 24 

0 H H H H 

1 H H H L 

2 H H L H 

3 H H L L 

4 H L H H 

5 H L H L 

6 H L L H 

7 H L L L 

8 L H H H 
Term Pin 
yAQ) 15 
Z1 16 
Z2 ll 
23 12 
Z4 09 
Z5 02 
Z6 37 
Z/ 38 
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PIN REAL VIRT 
NAME PIN PIN 
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12SX-1 Logic Unite 


LOGIC SYMBOL 


O) 
Ragecr 
OT: 03.50: 


B( i: 


F=LO 
F=AeB 
F=A+B 
F=\ 
F=A+B 
F=B 
9+F=A@B 
8+F=AeB 
7+F=AtB 
6 +F=A@B 
5+F=B 
4+F=AeB 
Z+F=A _ 
2+F=AeB 
| +F=AeB 
O+F=H 
BIAS | (L@) = NONE 
BIAS O (HIu = 16, 26, 27, 41, 51 
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12SX-1 (Cont'd) 


OPERATIONAL DESCRIPTION 
This circuit is a logic unit. An array contains eight circuits with common control. 


The translator in the common control block has four inputs assigned binary weights and 
decoded to determine the logic operation performed by the logic unit. 


The table below shows the output, C, for each function. 


Decoded Logic A= H H L L 
Value Function B= 4H L H L 
0 HI H H H H 
1 AB H H H L 
2 AB H H L H 
3 A H H L L 
4 AeB H Ls H H 
5 B H L H L 
6 AB H L L H 
7 A+B H L L L 
8 AeB L H H H 
9 AB L H H L 
10 B L H & H 
ll A_B L H L L 
12 A L L H H 
13 A+B L L H L 
14 AB L L L H 
15 LO L L L L 

Term Pin Term Pin Term Pin 

AO 19 BO 22 CO 21 

Al 17 Bl 20 Cl 24 

A2 31 B2 30 C2 28 

A3 34 B3 33 C3 29 

A4 07 B4 06 C4 05 

A5 03 B5 08 c5 04 

A6 50 Bo 47 C6 52 

A7 46 B7/ 45 C7 49 


60458120 D 


2 of 2 


12101 AND Gate. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


(None required.) 
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BIAS L@=22 


OPERATIONAL DESCRIPTION 


(None required.) 
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12102 (Cont “d) 


LOGIC SYMBOL 
12102 


A an 
ie Sel 
(4 GH) 


OPERATIONAL DESCRIPTION 


Input CX is common to all the AND gates and must be enabled to activate the outputs. Inputs 
Al and Bl generate outputs Tl and Fl. Inputs A2 and B2 generate outputs T2 and F2, etc. 
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12107 Exclusive OR Gate. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


(None required.) 
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12107 Exclusive OR/OR Gate. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12107 divides into two areas: the data input portion which consists of five exclusive OR 
functions (above the double line) and an OR function which is the common output block. 


When any pair of inputs A and B consists of a HI and a LO, output EQ will be active (HI). 
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12112 AND Gate. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


tl 
> 
_ 


Output Tl and T2 


} 
> 
— 


Output Fl and F2 
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12112 Gated Fanout. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 
Input CX is common to all four AND gates. 


Al. 


Outputs Tl and T2 = Al and outputs Fl and F2 


Outputs T3 and T4 = A2 and outputs F3 and F4 = A2, etc. 
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12112 (Cont “d) 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 
Input CX must be active to enable input A. 
When gating modifier Gl is active, the top two active LO output highways each equal input 


highway A and the bottom two active HI output highways each equal the complement of input 
highway A. 
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12114 Receiver. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12114 is an OR function with a grouping bracket on the input. This indicates that the 
inputs are a differential pair, carry only 1 bit of binary information and represent a 
single input. The input signals are always of opposite polarity, i.e. when one is HI the 
other is LO. The function is active when pin Al is LO and Bl is HI. 
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12117 Combination AND/OR. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Output pin Tl = (Al © Bl) + (Cl e D1) + El 
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12118 AND, OR Combinations. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Circuit operation is self-explanatory so no description is provided. 


60458120 B , 1 of 1 


12122-1 Buffer Gate, 9-Bit. 


LOGIC SYMBOL 


GND 4,10, 16.22. 


OPERATIONAL DESCRIPTION 


This symbol is a single section of 12122-2. The 12122 is a buffer gate. Whatever appears 
on the Al~input is output on the Tl-output. 
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12122-2 Buffer Gate, 9-Bit. 


LOGIC SYMBOL 


GND 4,10,!16,.22 


OPERATIONAL DESCRIPTION 
NOTE 
This symbol may appear in prints with pins as shown. Or it may appear with pins 


designated for a particular application. 


The 12122 is a buffer gate. Whatever appears on an A~input is output on the corresponding 
T-output. 
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12130 Latch with Direct Set and Reset Inputs. 


LOGIC SYMBOL 


BIAS L@ = PINS 19, 20, 22 


OPERATIONAL DESCRIPTION 


The 12130 symbol shown above is a l-bit latch. The latch has Direct Set (S11), Direct Reset 
(Rl), Clock (Cl), and Data (Dl) inputs. 


When the Si input goes HI, the latch sets. 
When the Rl input goes HI, the latch resets (clears). 


This is RS latch, therefore when Rl and Sl are active at the same time, the state of the 
latch is unknown. 


When input Cl goes LO, it clocks the data (input Dl) into the latch. 


Outputs Tl and Fl are active LO and active HI outputs respectively from the latch. 
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12130 Register with Direct Set and Reset Inputs. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 

The 12130 symbol shown above is a 3-bit register. Each latch in the register has its own 
Direct Set (S1-3), Direct Reset (R1-3), Clock (C1-3), and Data (D1-3) inputs. In addition, 
there are Master Reset (MR), Master Set (MS), and Master Clock (MC) inputs which control all 
three latches. 

When the MS input goes HI, all three latches set. 

When the MR input goes HI, all three latches reset (clear). 


The S1-3 and R1-3 inputs set or reset their respective latches individually. 


These are RS latches, therefore, if any latch receives both set and reset signals at the 
same time, the state of the latch is unknown. 


When the MC input is LO, clock modifier C4 is active and the individual clock signals 


(inputs Cl1-3) are allowed to control the latches. Both clock modifiers (C4 and the 
respective individual clock modifier) must be active in order to clock data into a latch. 
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12130 (Cont “d) 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 

The 12130 symbols shown above are three l-bit latches. Each latch has its own Direct Set 
(S1-3), Direct Reset (R1-3), Clock (C1-3), and Data (D1-3) inputs. In addition there are 
Master Reset (MR), Master Set (MS), and Master Clock (MC) inputs which control all three 

latches. 

When the MS input goes HI, all three latches set. 

When the MR input goes HI, all three latches reset (clear). 

The S1-3 and R1-3 inputs set or reset their respective latches individually. 


These are RS latches, therefore, if any latch receives both set and reset signals at the 
same time, the state of the latch is unknown. 


When the MC input is LO, clock modifier C4 is active and the individual clock signals 


(inputs Cl1-3) are allowed to control the latches. Both clock modifiers (C4 and the 
respective individual clock modifier) must be active in order to clock data into a latch. 
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12131 Flip-Flops With Delayed Outputs. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12131 symbols shown above are 3-bit flip-flops with delayed outputs. Each 
flip-flop has its own Direct Set (S1-3), Direct Reset (R1-3), Clock (C1-3), and 
Data (D1-3) inputs. In addition there are Master Rest (MR), Master Set (MS), and 
Master Clock (MC) inputs which control all three flip-flops. 


When the MS input goes HI, all three flip-flops set and all outputs go active with 
no delay. 


When the MR input goes HI, all three flip-flops reset and all outputs go inactive 
with no delay. 


The S1-3 and R1-3 inputs set or reset their respective flip-flops individually. 
The outputs reflect the state of their respective flip-flops with no delay. 


These are RS flip-flops, therefore if any flip-flop receives both set and reset 
signals at the same time, the state of the flip-flop is unknown. 


When the MC input is LO, gating modifier Gl is active and the individual clock 
signals (Cl1-3) are allowed to control the clock modifier (C) for their respective 
flip-flops. The clock modifier for a flip-flop is active when MC is LO and the 
respective individual clock input is LO. 


When a clock modifier is active, it clocks data into the flip-flop. The output 


does not reflect the state of the flip-flop until the clock modifier goes inactive 
(MC or the individual clock input goes HI). 
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12131 Flip-Flop With Delayed Outputs. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12131 symbol shown above is a l-bit flip-flop with delayed outputs. The flip-flop has 
Direct Set (Sl), Direct Reset (Rl), Clock (Cl) and Data (D1) inputs. 


When the Sl input goes HI, the flip-flop sets and the outputs go active with no delay. 


When the Rl input goes HI, the flip-flop resets (clears) and the outputs go inactive with no 
delay. 


This is an RS flip-flop, therefore when Rl and Sl are active at the same time, the state of 
the flip-flop is unknown. 


When input Cl goes LO, it clocks the data (input D1) into the flip-flop. The outputs do not 
reflect the state of the flip-flop until Cl goes inactive (HI). 


60458120 B : 2 of 3 


12131 Register with Delayed Outputs. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12131 symbol shown above is a 3-bit register with delayed outputs. Each flip-flop in 
the register has its own Direct Set (S1-3), Direct Reset (R1-3), Clock (C1-3), and Data 
(D1-3) inputs. In addition there are Master Reset (MR), Master Set (MS), and Master Clock 
(MC) inputs which control all three flip-flops. 


When the MS input goes HI, all three flip-flops set and all outputs go active with no delay. 


When the MR input goes HI, all three flip-flops reset and all outputs go inactive with no 
delay. 


The S1-3 and R1-3 inputs set or reset their respective flip-flops individually. The outputs 
reflect the state of their respective flip-flops with no delay. 


These are RS flip-flops, therefore if any flip-flop receives both set and reset signals at 
the same time, the state of the flip-flop is unknown. 


When the MC input is LO, gating modifier Gl is active and the individual clock signals 
(C1-3) are allowed to control the clock modifier (C) for their respective flip-flops. The 
clock modifier for a flip-flop is active when MC is LO and the respective individual clock 
input is LO. 


When a clock modifier is active, it clocks data into the flip-flop. The output does not 
reflect the state of the flip-flop until the clock modifier goes inactive (MC or the 
individual clock input goes HI). 
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12136-0 Counter/Shift Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12136-0 contains a 4-bit register which can be loaded from input pins, incremented, 
decremented, shifted in either direction, toggled, or forced set. 


The count operation (increment or decrement) has a modulus of 16; i.e., 0 through 15. The 
counter is also circular; i.e., one count beyond 15 is O and one count less than O is 15. 


The shift operation is an end-off shift of l-bit position in either direction with a serial 
bit input which fills data in behind the shifted data. 


The 12136-0 symbol divides into three areas from top to bottom. The common output block 


(above the double line) monitors the contents of the register. The register contents, 
gating modifiers Gl, 3, 8, and 11, and OR modifier V control the carry output TC. 
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12136-0 (Contd) 


The middle area at the symbol is a 4-bit register. Control from the common control block 
(lower area of the symbol) can load, increment, decrement, shift, set, or toggle the 
contents of this register. Inputs D1-4 are used for loading the 4-bit register. Input D5 
is the serial bit input for a right (down) shift and DO is the serial bit input for left 
(up) shift. Outputs T1-4 are active (LO) outputs from the register and F1-4 are active (HI) 
outputs. 


The common control block on the bottom of the symbol contains the control for both the 
register and common output block. 


Input DO is ANDed with input pin CE to form gating modifier G10 which is the count enable. 
DO controls gating modifiers Gll which enables the carry output (TC) when in count mode. DO 
also is the serial bit input for the left shift operation. 


Inputs SO0-2 are translated to form gating modifiers Gl-7 which select the mode of 
operation. Translations of S0-2 also control gating modifier G8 and OR modifier V which are 
used in the common output block to control output TC. 


MC is the master clock input which, during a transition to HI, clocks the operation selected 


Input MS is the master set input and, when active (HI), will override all other inputs and 
set each bit of the register to a one. 


Load Operation 
A translation of 7 makes gating modifier G7 and OR modifier V active. V forces output TC 


LO. G7 enables MC to control clock modifier C9. C9 will become active during a HI 
transition of the master clock input. C9 clocks data from D1-4 into the register. 


Toggle Operation 
A translation of 6 makes gating modifier G6 and OR modifier V active. V forces output TC 


LO. G6 enables MC to control toggle modifier T. T will become active during a HI 
transition of the master clock input. T causes each bit in the register to change to its 
opposite state. 


Right Shift Operation 


A translation of 5 makes gating modifiers G5 and G8 active. G8 is used in the common output 
block to control the TC output when the register contents are greater than or equal to 
eight. Note that the register contents will be greater than or equal to eight any time the 
most~significant bit (top) is set. Thus when G8 is active, output TC will be the same as 
output T4. 


G5 enables MC to control the right shift modifier (right arrow) and clock modifier Cl2. 
These modifiers will become active during a HI transition of the master clock input. The 
right shift modifier causes each bit in the register to shift down l-bit position. C12 
clocks data from input pin D5 into the most-significant bit of the register. 


Left Shift Operation 


A translation of 4 makes gating modifiers G4 and G8 active. G8 is used in the common output 
block to activate the TC output when the register contents are greater than or equal to 
eight. Note that the register contents will be greater than or equal to eight any time the 
most-significant bit (top) is set. Thus when G8 is active, output TC will be the same as 
output T4, 
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12136-0 (Contd) 


G4 enables MC to control the left shift modifier (left arrow) and clock modifier Cll. These 
modifiers will become active during a HI translation of the master clock input. The left 
shift modifier causes each bit in the register to shift down 1l-bit position. Cll clocks 
data from input pin DO into the least-significant bit of the register. 


Increment Operation 
A translation of 3 makes gating modifiers G3-active. G3 is ANDed with G10, (count enable) 


to enable MC to control the count modifier (+1). The count modifier will become active 
during a HI transition of the master clock input. The +1 causes the contents of the 
register to increment by 1. 


G3 is also ANDed with Gll in the common output block to enable a count of 15 to control the 
carry output TC. Thus TC will be active (LO) when G3 AND Gll are active AND the count is 
equal to 15. 


Synchronous Set Operation 


A translation of 2 makes gating modifier G2 active. G2 enables MC to control the set 
modifier S. S will become active during a HI transition of the master clock input. S will 
force each bit in the register to its active state. 


Decrement Operation 
A translation of 1 makes gating modifier Gl active. G2 is ANDed with G10 (count enable) to 


enable MC to control the count modifier (-1). The count modifier will become active during 
a HI transition of the master clock input. The -l causes the contents of the register to 
decrement by 1. 


Gl is also ANDed with Gll in the common output block to enable a count of 0 to control the 
carry output TC. Thus TC will be active (LO) when Gl AND Gll are active AND the count is 
equal to 0. 


No Operation 


A translation of 0 does not make any gating modifier active. Therefore, all operations 
clocked by MC are disabled. 
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12136-1 Counter. 


LOGIC SYMBOL 


DS IN !5) IS NOT USED. 
D4-D!| FEED C@UNTER BITS O-3. 


OPERATIONAL DESCRIPTION 


The 12136-1 contains a 4-bit register which can be loaded from input pins, incremented, 
decremented, toggled, or forced set. 


The count operation (increment or decrement) has a modulus of 16; i.e., O through 15. The 
counter is also circular; i.e., one count beyond 15 is 0 and one count less than 0 is 15. 


The 12136-1 symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the contents of the register. The register contents, 
gating modifiers Gl, 3, and 10, and OR modifier V control the carry output TC. 


The middle area of the symbol is a 4-bit register. Control from the common control block 
(lower area of the symbol) can load, increment, decrement, set, or toggle the contents of 
this register. Inputs D4-1 are used for loading the 4-bit register. Output T4-l1 are active 
(LO) outputs from the register and F4-1 are active (HI) outputs. 


The common control block on the bottom of the symbol contains the control for both the 
register and common output block. 
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12136-1 (Cont “d) 


Input DO is ANDed with input pin CE to form gating modifier G9 which is the count enable. 
DO also controls gating modifier G10 which enables the carry output (TC) when in count mode. 


Inputs S2-0 are translated to form gating modifiers Gl-7 which select the mode of 
operation. Translations of S2-0 also controls OR modifier V which is used in the common 
output block to control output TC. 


MC is the master clock input which, during a transition to HI, clocks the operation selected 
by S2-0. 


Input MS is the master set input and, when active (HI), will override all other inputs and 
set each bit of the register to a one. 


Load Operation _ 
A translation of 7 makes gating modifier G7 and OR modifier V active. V forces output TC 


LO. G7 enables MC to control clock modifier C8. C8 will become active during a HI 
transition of the master clock input. C8 clocks data from D4-1 into the register. 


Toggle Operation 


A translation of 6 makes gating modifier G6 and OR modifier V active. V forces output TC 
LO. G6 enables MC to control toggle modifier T. T will become active during a HI 
transition of the master clock input. T causes each bit in the register to change to its 
opposite state. 


Increment Operation 
A translation of 3 makes gating modifier G3 active. G3 is ANDed with GO (count enable) to 


enable MC to control the count modifier (+1). The count modifier will become active during 
a HI transition of the master clock input. The +l causes the contents of the register to 
increment by l. 


G3 is also ANDed with G10 in the common output block to enable a count of 15 to control the 
carry output TC. Thus TC will be active (LO) when G3 AND G10 are active AND the count is 
equal to 15. 


Decrement Operation 

A translation of 1 makes gating modifier Gl active. Gl is ANDed with G9 (count enable) to 
enable MC to control the count modifier (-l1). The count modifier will become active during 
a HI translation of the master clock input. The -l causes the contents of the register to 
decrement by l. 


Gl is also ANDed with G10 in the common output block to enable a count of 0 to control the 


carry output TC. Thus TC will be active (LO) when Gl AND G10 are active AND the count is 
equal to 0. 


No Operation 


A translation of 0 does not make any gating modifier active. Therefore, all operations 
clocked by MC are disabled. 


Translations of 2, 4, and 5 produce undefined results. 
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12136-2 Shift Register. 


LOGIC SYMBOL 


D5 FEEDS SHIFT RGTR BIT O WHEN SHIFTING DOWN. 
D4-D! FEED SHIFT RGTR BITS O-3 WHEN L@ADING. 
. DO FEEDS SHIFT RGTR BIT 3 WHEN SHIFTING UP. 


OPERATIONAL DESCRIPTION 


The 12136-2 contains a 4-bit register which can be loaded from input pins, shifted either 
direction, toggled, or forced set. 


The shift operation is an end-off shift of l-bit position in either direction with a serial 
bit input which fills data in behind the shifted data. 


The 12136-2 symbol divides into three areas from top to bottom. The common output block 
(above the double line) monitors the contents of the register. The register contents, 
gating modifier G8 and OR modifier V control the carry output TC. 


The middle area of the symbol is a 4-bit register. Control from the common control block 
(lower area of the symbol) can load, shift, set, or toggle contents of this register. 

Inputs D4-1 are used for loading the 4-bit register. Input D5 is the serial bit input for a 
right (down) shift and DO is the serial bit input for left (up) shift. Outputs T4-1 are 
active (LO) outputs from the register and F4~-1 are active (HI) outputs. 


The common control block on the bottom of the symbol contains the control for both the 
register and common output block. 
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12136-2 (Cont “d) 


Inputs S2-0 are translated to form gating modifiers Gl-7 which select the mode of 
operation. Translations of S2-0 also controls gating modifier G8 and OR Modifier V which 
are used in the common output block to control output TC. 


MC is the master clock input which, during a transition to HI, clocks the operation selected 


Input MS is the master set input and, when active (HI), will override all other inputs and 
set each bit of the register to a one. 


Load Operation 
A translation of 7 makes gating modifier G7 and OR modifier V active. V forces output TC 


LO. G7 enables MC to control clock modifier C9. C9 will become active during a HI 
transition of the master clock input. C9 clocks data from D4-1 into the register. 


Toggle Operation 


A translation of 6 makes gating modifier G6 and OR modifier V active. V forces output TC 
LO. G6 enables MC to control toggle modifier T. T will become active during a HI 
transition of the master clock input. T causes each bit in the register to change to its 
opposite state. 


Right Shift Operation 


A translation of 5 makes gating modifiers G5 and G8 active. G8 is used in the common output 
block to activate the TC output when the register contents are greater than or equal to 
eight. Note that the register contents will be greater than or equal to eight any time the 
most~significant bit (top) is set. Thus when G8 is active, output TC will be the same as 
output T4. 


G5 enables MC to control the right shift modifier (right arrow) and clock modifier Cll. 
These modifiers will become active during a HI transition of the master clock input. The 
right shift modifier causes each bit in the register to shift down one bit position. Cll 
clocks data from input pin D5 into the most-significant bit of the register. 


Left Shift Operation 

A translation of 4 makes gating modifiers G4 and G8 active. G8 is used in the common output 
block to activate the TC output when the register contents are greater than or equal to 
eight. Note that the register contents will be greater than or equal to eight any time the 
most-significant bit (top) is set. Thus when G8 is active, output TC will be the same as 
output T4. 


G4 enables MC to control the left shift modifier (left arrow) and clock modifier C10. These 
modifiers will become active during a HI transition of the master clock input. The left 
shift modifier causes each bit in the register to shift down one bit position. C10 clocks 
data from input pin DO into the least-significant bit of the register. 


No Operation 


A translation of 0 does not make any gating modifier active. Therefore, all operations 
clocked by MC are disabled. 


Translations of 1, 2, or 3 produce undefined results. 
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12141-1 Shift Register. 


LOGIC SYMBOL 


(21 41 


MOQ 
aN 
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ore) 
Ol & 
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OPERATIONAL DESCRIPTION 


The 12141-1 is a shift register. Input C is the enable required for any input to be 
accepted by the array. Inputs SO and Sl define the type of shift on bits PO-P/ and DO,D/. 


sl so 


0 6) undefined 


0 1 translation Gl. Bit shift is downward with new bit being drawn into COD from 
input D/. 

1 0 translation G2. Bit shift is upward with new bit being drawn into C5D from 
input DO. 

1 1 translation G3. Register is loaded at all C4 bit locations (inputs PO-P7). 


60458120 D l of 1 


12145 16 x 4 Memory. 


LOGIC SYMBOL 


; 


QO 
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OPERATIONAL DESCRIPTION 


The 12145 is a memory which can write or read 4-data bits to/from any 1 of 16 memory 
locations. 


Inputs 
W3-WO are the write address bits which are translated to form the 1A address. 


S3-SO are the read address bits which are translated to form the 2A address. 


Cl and C2 are ANDed and control the write (gate active) and the read (gate inactive) 
operations. 


El, E2 and MS LO are ANDed to form the chip enable. When Gl is active, it enables the read 
data to the T outputs. 


MS HI will clear the entire memory. 


D designates the data inputs. 


60458120 B l of 2 


12145 (Cont “d) 


Write Operation 
Cl and C2 are both LO. Therefore G4 and C5 are both active and G2 and C3 are inactive. C5 


clocks the input data (D) into the memory location specified by the 1A address. G4 gates 


the contents of the read register (loaded during the previous read operation) to the T 
outputs. 


Read Operation 

Cl and C2 are both HI. Therefore G2 and C3 are active and G4 and C5 are inactive. G2 gates 
the read data from the memory location specified by the A2 address to the T outputs. The 
contents of this same memory location are clocked into the read register by the C3 clock. 

G4 gates the contents of the read register to the T outputs during the next write operation. 
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12150 Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Pins Cl and C2 are ANDed to clock the data (D) into the register(s). Master Set (MS) sets 
the register. 
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LOGIC SYMBOL 
[12150 | 


Cl, C2, MS@3, 24, 22) 


BIAS L® = 
BIAS HI = N@NE 


OPERATIONAL DESCRIPTION 


(None required.) 
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12151 Register with Delayed Outputs. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Pins Cl and C2 are ANDed to clock the selected data (D) into the register. Master Set (MS) 
sets the register. 


When MS sets the register, the outputs all become active with no delay. 
When the clock modifier clocks data into the register (C active), the outputs do not change 


state to equal the new contents of the register. The outputs change state only when the C 
modifier becomes inactive (Cl or C2 inputs go HI). 
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12155 Multiplexer to a Register. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Input pins El and E2 control the inputs to the mux and input pins Cl, C2, and MS control the 
register. 


Register Control 
Cl and C2 are ANDed to control the C (clock) modifier. C clocks the result of the mux into 
the register. 


Mux Control 
El and E2 control V (OR) modifiers which are used in an OR/AND function. The equation for 
the input to the register is as follows: (V1+A) o (V0O+B) 


Note from the above equation that the way to allow the A inputs to reach the register is to 
make VO active and Vl inactive. This forces the B side of the AND gate active and allows 
the A inputs to control the other side. 


The B inputs reach the register when Vl is active and VO is inactive. 


Note on the 12155 symbol that input El LO makes V1 active and input E2 HI makes VO active. 
This design allows the connection of a single control signal to both the El and E2 inputs. 
Thus when the control signal is HI, VO is active and Vl is inactive allowing the A inputs to 
reach the register. When the control signal is LO, VO is inactive and Vl is active allowing 
the B inputs to reach the register. 
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BIAS L® = 
BIAS HI = N@NE 


Cl, C2, MS(3, 24, 22) 


OPERATIONAL DESCRIPTION 


El and E2 control V(OR) modifiers which are used in an OR/AND function. The equation for 
the mux is as follows: (Vl OR A) and (VO OR B). 


Note from the above equation that the way to allow the A inputs through the mux is to make 
VO active and Vl inactive. This forces the B side of the AND gate active and allows the A 
inputs to control the other side. 


The B inputs pass through the mux when V1 is active and VO is inactive. 


Note on the 12155 symbol that input El LO makes V1 active and input E2 HI makes VO active. 
This design allows the connection of a single control signal to both the El and E2 inputs. 
Thus when the control signal is HI, VO is active and Vl is inactive allowing the A inputs to 


pass through the mux. When the control signal is LO, VO is inactive and Vl is active 
allowing the B inputs through the mux. 
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12160 Parity Checker. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Output Tl is active when an even number of inputs are LO. 
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12160 (Cont “d) 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12160 is a pin-for-pin comparison of the A operand and the B operand.. Output Tl is 
active LO when A equals B (i.e. AO = BO and Al = Bl, etc.). 
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12163 Dual Eight-Bit Multiplexer. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Pins SO0-2 select one of eight inputs to output Tl, 2. 
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12164 16-Bit Multiplexer. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


Pins AO-3 select 1 of 16 inputs to output Tl. 
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12165-1 Priority Coder, 8-Bit. 


LOGIC SYMBOL 


iS 
O06 TI 


LOG TI 
[05 TO 
04 FO 


OPERATIONAL DESCRIPTION 


The 12165-1 contains eight input latches with a common enable (Cl) followed by encoding 
logic which generates the binary address of the highest priority input having a HIGH 

signal. The circuit operates as a single eight-input encoder when the mode control (pin 23) 
is biased HIGH. In the eight-input mode, T2, Tl, TO are the relevant outputs. AO is the 
highest priority input and FD is the relevant Group Signal output. The FD output goes LOW 
when all inputs are LOW. 


Inputs are latched when Cl goes HIGH. A HIGH signal on the Output Enable (El) input forces 
all true outputs (Tn) HIGH and the FD output HIGH. Expansion to accommodate more inputs can 


be accomplished by connecting the FD output of a higher priority group to the El input of 
the next lower priority group. 
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12166 Highwayed 9-Bit Comparator. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 
The 12166 is a pin-for-pin highwayed comparison of the A operand and the B operand. When A 


is less than or equal to B, output LE is active (LO). When A equals B, output EQ is active 
(LO). Output GE is active (LO) when A is greater than or equal to B. 
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12166 Comparator. 


LOGIC SYMBOL 


BO O6,;, 


OPERATIONAL DESCRIPTION 
The 12166 is a pin-for-pin comparison of the A operand and the B operand. When A is less 


than or equal to B, output LE is active (LO). When A equals B, output EQ is active (LO). 
Output GE is active (LO) when A is greater than or equal to B. 
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12170 Two-bit Coder. 


LOGIC SYMBOL 


BIAS L@=7,18,| 


OPERATIONAL DESCRIPTION 


The 12170 is a coder which translates two input bits (A0,1) to activate one of four 
outputs. The AO,1 inputs enter the coder function where they are weighted binarily (Al is 
the most-significant bit). The coder function translates the two inputs and activates one 
of four pairs of weighting modifiers on the output (Y side) of the function. 


The pairs of translations feed OR functions where gating modifiers select either the true or 
complement state of the translation. 


Gating modifier Gll gates the true translation to the output pins. G10 gates the complement 
of the translation to the output pins. 


An AND gate in the lower left portion of the symbol controls the gating modifiers. Gll is 
active when the AND gate is active. G10 is active when the AND gate is inactive. Input HA 
controls the one-input AND gate. 


Input pins El and E2 are active HI inhibits. When either El or E2 is active (HI), all the 


outputs of the coder function become inactive. The gating modifiers still operate to 
control the selection of the true or complement states of the coder function output. 
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12170 Three-bit Coder. 


LOGIC SYMBOL 


BIAS LO=3,4 
BIAS HI=1!7 


OPERATIONAL DESCRIPTION 


The 12170 is a coder which translates 3-input bits (A0-2) to activate one of eight outputs. 
The AO-2 inputs enter the coder function where they are weighted binarily (A2 is the 
most-significant bit). The coder function translates the three inputs and activates one of 
eight pairs of weighting mofidiers on the output (Y side) of the function. 


The pairs of translations feed OR functions where gating modifiers select either the true or 
complement state of the translation. 


Gating modifiers Gll and G21 gate the true translation to the output pins. G10 and G20 gate 
the complement of the translation to the output pins. 


Two AND gates in the lower left portion of the symbol control the gating modifiers. Gll and 
G21 are active when their respective AND gates are active. G10 and G20 are active when 
their respective AND gates are inactive. Inputs HA, HB, and HC control the AND gates. 


Input pins El and E2 are active HI inhibits. When either pin El or E2 is HI, all the 
outputs of the coder function become inactive. The gating modifiers still operate to 
control the selection of the true or complement states of the coder function output. 
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12171 Four —- Input Multiplexer. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 
Pins EO and El select one of four inputs to outputs T and F. 


When pin IH is HI during the select code, modifier V will be active, forcing output T true 
and output F HI. 
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12180-1 Summer, Tri-Input. 


LOGIC SYMBOL 


YoY 


BO_ 15 
B2__19 


wo 
Ww 

I) 

wW 

Vian Vin Vln VA 
Wz 

|=} 
wW 

QV! 

OlOlu 


7 


| 22 


OPERATIONAL DESCRIPTION 


- The 12180-1 provides a summation of three inputs: two input-bit groups, AO-A5 and BO-B5 and 
the single-bit input Cl. It sums as in this example: 


An active A2 equals summation input 8 
An active B3 equals summation input 4 
Zero on Cl equals summation input 1 
Sum is 13 causing output high on summation output 8, 4, 1 (Array outputs T2, T3, T5). 


Summation output PO active when summation A and B output (C not considered) sum total 63. 


Summation output GO active when summation A and B output (C not considered) sum total 64 or 
greater. 
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12192 Differential Line Driver. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12192 is a differential line driver. The inputs are standard logic levels (-1.7V and 
-.9V) and the pairs of T and F outputs connect to either 12114 circuits via twisted pair or 
TR30 transformers. The logic levels of the outputs depend on the connection. 


When the 12192 connects to a 12114, the output logic levels are -0.8V and OV. 
When the 12192 connects to a TR30 transformer, the output logic levels are -2.4 V and OV. 


The CX input controls free dependency modifiers Fl and F2. When a free dependency modifier 
is active, it connects the function (in this case the X/Y level converter) to the outputs 
labeled with the same modifier. When a free dependency modifier is inactive, it disconnects 
the function from the output labeled with the same modifier. Thus when Fl is active (CX LO), 
input Al controls outputs Tl and Fl. 


When Al is active (LO), the differential outputs Tl and Fl are both active. When Al is 
inactive (HI), the differential outputs are both inactive. 


Output Zl is always tied to ground. F2 connects the function to ground when CX is HI. Thus 
when the CX signal disconnects the A inputs from the differential outputs, it connects the 
CX signal through the driver to ground. This serves as a load for the current source in the 
12192 and reduces current spikes. 
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12192 (Contd) 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12192 is a differential line driver. The inputs are standard logic levels (-1.7V and 
-.9V) and the pairs of T and F outputs connect to either 12114 circuits via twisted pair or 
TR30 transformers. The logic levels of the outputs depend on the connection. 


When the 12192 connects to a 12114, the output logic levels are -0.8V and OV. 
When the 12192 connects to a TR30 transformer, the output logic levels are -2.4 V and OV. 


The CX and CY inputs control free dependency modifiers F1-4. When a free dependency modifier 
is active, it connects the function (in this case the X/Y level converter) to the outputs 
labeled with the same modifier. When a free dependency modifier is inactive, it disconnects 
the function from the output labeled with the same modifier. Thus when Fl is active (CX LO), 
input Al controls outputs Tl and Fl. 


When Al is active (LO), the differential outputs Tl and Fl are both active. When Al is 
inactive (HI), the differential outputs are both inactive. 


Outputs Zl and Z2 are always tied to ground. F2 and F4 connect these functions to ground 
when CX and CY are HI. Thus when the CX and CY signals disconnect the A inputs from the 
differential outputs, it connects the CX and CY signals through the drivers to ground. This 
serves as a load for the current source in the 12192 and reduces current spikes. 
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12414 256 x 1 Memory. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12414 is a memory which can write or read a single data bit to/from any 1 of 256 memory 
locations. 


Inputs 
S1, S2, S3, along with WE LO are ANDed to control the write clock (C). 


Sl, S2, S3, along with WE HI are ANDed to control the read gate (G). 

W7-O are translated to form the write or read address. 

D1 is the data input. 

Write Operation 

When the C (clock) modifier is active, it clocks the input data (Dl) into the memory 
location specified by the W/7-0O write address. 

Read Operation 


When the G (gating) modifier is active, it gates data from the memory location specified by 
the W7-0 read address. 
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12415 1024 x 1 Random Access Memory File. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12415 is a memory which can read or write the data bit to/from any 1 of 1024 memory 
locations. 


Inputs 
WE and Sl (both LO) are ANDed to control the write clock (C). 


WE HI and Sl LO are ANDed to control the read gate (G). 
W9-O are translated to form the write or read address. 


Dl is the data input. 


Write Operation 
When the C (clock) modifier is active, it clocks the input data (Dl) into the memory 


location specified by the W9-0 write address. 


Read Operation 
When the G (gating) modifier is active, it gates data from the memory location specified by 


the W9-0 read address. 
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12422 256 x 4-Bit Read/Write Register File. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12422 is a memory which can write or read 4-data bits to/from any 1 of 256 memory 
locations. 


Inputs 
W/7 through WO are the write/read address bits which are translated to form the write/read 


address. 
WE controls the write (gate active (LO)) and read (gate active (HI)) operations. 
S3 through SO are the bit selector inputs which select the appropriate data inputs. 


D3 through DO are the data inputs. 


Write Operation 
WE is active (LO). Therefore G10 is inactive and C5 is active. C5 clocks the input data 


(D3-DO) as specified by the bit selector inputs (S3-S0). 


Read Operation 
WE is active (HI). Therefore, G10 is active and C5 is inactive. G10, along with G9-G6, 


gates the read data from the specified memory location to outputs T3-TO. 
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12470-1 4096 by 1-Bit RAM. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12470 directs a single data bit (input pin 17) by address inputs (array inputs 2-14) to 
one of 4096 memory locations. Input pins 15 and 16 must both be high to translate enable C 
which gates address and data into this element. On the lower part of the symbol, in term 
ACD, A is address, D is data, and C is the enable for both. To gate out of the array, input 
pin 15 must be high and 16 low to translate enable G. 
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12474-1 1024 by 4-Bit RAM. 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


The 12474 directs four data bits (input pins 3-6) by address inputs (array inputs 13-24) to 
one of 1024 memory locations. Input pins 1 and 2 must both be high to translate enable C 
which gates address and data into this element. On the lower part of the symbol, in terms 
ACD, A is address, D is data, and C is the enable for both. To gate out of the array, input 
pin 2 must be high and 1 low to translate enable G. 
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60458120 B 


PIN 
NAME 


121HA PARITY 


REAL FLAT 
PIN VIRT PAK 
A PIN PIN 
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26 24 22 20 18 
e e e @e @ 

e ee @ e he 
25 23 2! #|I9 I7 
— HALF PAK A- 

27 29 3! 33 35 
« e©«© e @ e@ 


ee e e e @ 
28 30 32 34 36 


26 24 22 20 | 
* ee e e 
e 


e e e e 
25 23 2! 19 I7 


121HA 


— ARRAY — 
27 29 3! 33 35 37 
e e© e@® e ee @ 


ee e e © e© ® e© @ 
28 30 32 34 36 38 42 44 


121HA COMPARATOR 


REAL 
PIN PIN 
NAME A PIN 


— HALF PAK B- 
43 45 47 49 5i 
ee e© e ee e@ 


ee e e @ @ 
44 46 48 50 52 


43 45 47 49 5l 
e e e© e e 


ee e e e@ 
46 48 50 52 


VIRT 
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121HA-O Comparator. 


LOGIC SYMBOL 
ToTHAL 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 121HA-O is a pin-for-pin comparison of the A operand and the B operand. Output Tl is 
active LO when A equals B (i.e. AO=BO and Al=Bl, etc.). 
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121HA-1 Parity Checks. 


LOGIC SYMBOL 
2 thal | 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 121HA~1 is a dual parity checker. 


rs N12160 P— 
| _7A MODEL __1[O2q 


Each parity checker has 9 inputs (8 data, 1 parity). 


Outputs AT1 and BTl are active when an even number of inputs are LO. 
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121HA-1 (Cont ~d) 


LOGIC SYMBOL 
[He IAAL | 


Fecal NW 12160 B 
7A MODEL 1 {02 


[2 1HAT | 


BIAS = NONE 
NOTE: THIS IS NOT AN X SECTION 


OPERATIONAL DESCRIPTION 


Each parity checker has 9 inputs (8 data, 1 parity). Outputs AT1 and BTl are active when an 
even number of inputs are LO. 


60458120 B 2 of 2 


121HA-2 Comparator. 


LOGIC SYMBOL 
2 VHA] | 


BIAS NONE 


- OPERATIONAL DESCRIPTION 


The 121HA-2 is a pin-for-pin comparison of the A operand and the B operand. Output Tl is 
active LO when A equals B (i.e. AO=BO and Al=Bl1, etc.). 
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60458120 B 


121HB 


121HB (12112) 


REAL FLAT 
PIN PIN VIRT PAK 
NAME A PIN PIN 
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A(3) 35 
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121HB-O Gated Fanout. 


LOGIC SYMBOL 


BIAS NONE 


OPERATIONAL DESCRIPTION 
Input CX must be active to enable input A. 
When gating modifier Gl is active, the top two active LO output highways each equal input 


highway A and the bottom two active HI output highways each equal the complement of input 
highway A. 
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121HB-1 Gated Fanout. 


LOGIC SYMBOL 
2 ihe] | 


—- & 
van, 
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BIAS NONE 


OPERATIONAL DESCRIPTION 


Input CX is common to all four AND gates. 


Outputs Tl and T2 = A and outputs Fl and F2 = Ae 
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121HB-2 AND Gate. 


LOGIC SYMBOL 


& [ Tee) 
112 FG 


12 


NOTE: THESE ARE NOT X-SECTI@NS. NOTE THE UNIQUE PIN NAMES 
BIAS L@ = CX 


BIAS HI 


OPERATIONAL DESCRIPTION 


ll 
> 


Outputs T(1) and T(2) 


It 
ial 


Outputs F(1) and F(2) 
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LOGIC SYMBOL 
le 1HB] | 


BIAS L@ = CX 
BIAS HI = 


OPERATIONAL DESCRIPTION 
Outputs T(1) and T(2) = A. 


Outputs F(1) and F(2) = A. 
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121HC 


121HC (12145) © 


REAL FLAT 
PIN VIRT PAK 
PIN PIN 
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121HC-0 16 x 4 Memory. 


LOGIC SYMBOL 
TeTHC, 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 121HC is a memory which can write or read 4-data bits to/from any 1 of 16 memory 
locations. 


Inputs 
AW (0-3) are the write address bits which are translated to form the 1A address. 


AR (0-3) are the read address bits which are translated to form the 2A address. 


WEO, and WE1l are ANDed and control the write (gate active) and the read (gate inactive) 
operations. 


CS (0,1) and MR LO are ANDed to form the chip enable. When Gl is active it enables the read 
data to the DO (0-3) outputs. 


MR HI will clear the entire memory. 


DI (0-3) are the data inputs. 


Write Operation 
WEO and WE1 are both LO. Therefore G4 and C5 are both active and G2 and C3 are inactive. 


C5 clocks the input data (DI(0-3)) into the memory location specified by the 1A address. G4 
gates the contents of the read register (loaded during the previous read operation) to 
output highway DO (0-3). 


Read Operation 
WEO and WE] are both HI. Therefore G2 and C3 are active and G4 and C5 -are inactive. G2 


gates the read data from the memory location specified by the A2 address to the DO (0-3) 
outputs. The contents of this same memory location are clocked into the read register by 
the C3 clock. G4 gates the contents of the read register to the output during the next 
write operation. 
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121 HD 


121HD (12414) 


REAL FLAT 
PIN PIN VIRT PAK 
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121HD-0 256 x 1 Memory. 


LOGIC SYMBOL 


BIAS N@NE 


OPERATIONAL DESCRIPTION 

The 121HD-O is a memory which can write or read a single data bit to/from any 1 of 256 
memory locations. 

sprees. 

S(O), S(1), S(2), along with W LO are ANDed to control the write clock (C). 

S(O), SC(1), S(2), along with W HI are ANDed to control the read clock (G). 

A(0-7) are translated to form the write or read address. 


DI is the data input. 


Write Operation 


When the C (clock) modifier is active, it clocks the input data (DI) into the memory 
location specified by the A(0-7) write address. 


Read Operation 


When the G (gating) modifier is active, it gates data from the memory location specified by 
the A(0-7) read address. 
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121HE 


121HE (12102) 
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121HE-O AND Gates. 


LOGIC SYMBOL 
2 tHE! | 


nm 
5S 
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> |Dl> 
=sl= joe 
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aN 
|_N 
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As 
Va 


BIAS N@NE 


OPERATIONAL DESCRIPTION 
Input CX is common to all the AND gates and must be enabled to activate the outputs. Inputs 


A(O) and B(O) generate outputs T(0) and F(O). Inputs A(1) and B(1) generate outputs T(1) 
and F(1), etc. 
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121HE-1 AND Gates. 


LOGIC SYMBOL 
ZtHE| | 


NOTE: THESE ARE NOT X-SECTI@NS. NOTE THE UNIQUE PIN NAME 
ANNOTATION. 


BIAS L@ = 
BIAS HI = NONE 


OPERATIONAL DESCRIPTION 


(None required.) 
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121HE-1 (Cont “d) 


LOGIC SYMBOL 


OPERATIONAL DESCRIPTION 


(None required.) 
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121HF 


121HF (12101) 
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121HF-0 AND Gates. 


LOGIC SYMBOL 
LZ tHF | 


V4 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


(None Required.-) 
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121HF-1 Combination AND Gates. 


LOGIC SYMBOL 


IZ IAF i 
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BIAS NONE 


OPERATIONAL DESCRIPTION 


(None required.) 
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121HF-2 AND Gates. 


LOGIC SYMBOL 
ei AF {| 


Me oe 
BIG N Breit 


FIGs 


8H 


BIAS N@NE 


OPERATIONAL DESCRIPTION 


(None Required.) 


60458120 B 1 of 1 


60458120 B 


121HH 


121HH (12166) 


REAL FLAT 
PIN PIN VIRT PAK 
NAME A B PIN PIN 
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121HH-O Comparator. 


LOGIC SYMBOL 


A(2) 


BP EP PES 
Jajasja 
YY YY i 


AS) 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 121HH-O is a pin-for-pin comparison of the A operand and the B operand. When A is less 
than or equal to B, output LE is active LO. When A equals B, output EQ is active LO. 
Output GE is active LO when A is greater than or equal to B. 
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121HH-1 Comparator. 


LOGIC SYMBOL 


BIAS NONE 


OPERATIONAL DESCRIPTION 


The 121HH-1 is a pin-for-pin highwayed comparison of the A operand and the B operand. When 
A is less than or equal to B, output LE is active LO. When A equals B, output EQ is active 
LO. Output GE is active.LO when A is greater than or equal to B. : 
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